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TO  THE 


READER. 

ALL  faculties,  arts  and  fciences,  are  allow- 
ed by  the  ableft  judges  to  be  unavoidably 
fubjedt  to  fuch  charges  by  time  and  af- 
ter-improvements, as  plainly  render  a new 
digeft  or  fyftetn  of  them  equally  ufeful  and  ne- 
ceftary,  once  at  lead;  within  a quarter  of  an  age : 
and  it  would  be  well  if  our  many  annual  abor- 
tives, that  ferve  chiefly  to  perplex  beginners, 
or  banifh  better  fyftems,  could  within  thefe 
bounds  be  reftrained.  The  fpace  prefcribed,  has 
indeed  twice  elapfed  fmce  the  appearance  of  ruch 
a digeft,  from  under  the  quill  of  the  ingenious 
Dr.  James  Keill,  and  that  of  Dr.  Drake;  and 
it  is  now  near  a fourth  of  an  age  ftnce  the  ledtures 
of  our  great  Dr.  Boerhaave,  were  by  him  col- 
lected : all  which  performances  being  drawn  by 
mafterly  pencils,  were  indeed  excellent  for  their 
day,  and  fuch  only  as  can  pretend  to  fhare  any 
competition  with  the  prefentfyftem.  A reading 
of  Dr.  Boerhaave’s  ledtures,  formerly  publiftied 
by  our  author  in  Latin,  and  by  ourfelves  in  En- 
glifh,  may  conduce  to  explain  many  particulars 
more  largely  to  weaker  capacities  than  could  be. 
done  within  this  compafs ; but  thofe  who  are 
tolerably  read  in  the  faculty,  may  learn  hence 

not 
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not  only  the  fum  and  fubftance  of  thofe  more 
voluminous  ledures,  bu'c  alfo  numberlefs  impor- 
tant and  ufeful  difcoveries,  made  within  the 
fourth  of  an  age  pad:,  lince  thofe  ledures  were 
clofed  ; communicated  to  the  public  by  our 
learned  author,  and  dther  eminent  profeffors  in 
feveral  parts  of  Europe.  To  render  our  author’s 
fenfe  juft  and  plain,  has  often  required  more 
words  than  occur  in  the  original ; but  ’tis  more 
eligible  to  be  well  underftood  in  two  or  three 

o 

words,  than  to  be  doubtful  or  obfcure  in  one. 
We  have  alfo  taken  the  liberty  to  infert  a num- 
ber of  considerable  remarks,  either  philofophi- 
cal  or  practical,  as  our  own  obfervations  fug- 
gefted  them  in  the  courfe  of  our  verfion  ; which 
with  the  Hiftory  and  Nofology,  have  indeed 
fomewhat  increafed  the  bulk  and  price  of  the 
fyftem,  but  neither,  we  hope,  beyond  propor- 
tionable meafures  of  ufeful  inftrudion  and 
pradical  utility:  at  lead:  our  views  in  the  whole 
were  only  to  employ  our  leifure  hours  in  re- 
commending the  befl  means  we  know,  to  the 
hands  of  thofe  who  defire  to  gain  a true  and 
ufeful  knowledge  of  their  profeffion,  in  the 
moft  plain,  jud:,  and  eafy  manner. 
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LECTURE  I, 

Of  the  Animal  Fibres . 


H E moft  Ample  parts  of  the 
human  body  are  either  fluid 
or  lolid.  The  fluid  parts  be- 
ing of  divers  kinds,  we  {hall 
hereafter  conflder  in  their  moil  convenient 
places.  But  here  the  folids,  which  make 
the  mofl.  Ample  and  true  bafls  of  the  body, 
come  firfl:  to  be  confidered  before  the  hifto- 
ry  of  the  other  parts. 
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Animal  Fibres. 


REMARK. 

A body , philoiophically  fpeaking,  is  any  ex- 
tended and  refitting  objeCt  of  our  fenfes  ; whofe 
parts  have  more  or  lefs  an  attractive  and  cohefive 
force  one  to  another.  If  this  cohefion  betwixt 
the  parts  are  ftrong  enough  to  keep  them  in  their 
fituations  (contrary  to  the  force  by  which  they 
tend  to  the  earth’s  center)  and  preferve  the  na- 
tural figure  of  the  body,  we  call  it  a folia  ; but 
if  this  cohefion  be  fo  weak  that  the  gravitation 
of  parts  brings  them  to  a level,  or  to  a portion 
of  the  earth’s  convexity,  when  left  to  thernfelves, 
we  call  it  a fluid ; but  if  the  cohefion  of  parts 
be  neither  ttrong  enough  to  retain  the  figure, 
nor  weak  enough  to  let  them  flow  to  a level,  we 
call  the  body  joft , in  various  degrees  ’till  you 
come  to  the  cohefion  of  a folid,  beyond  which 
we  count  hardnefs.  Hence  we  fee,  that,  by 
leflening  the  cohefion  and  contact  of  parts,  the 
fame  body  may  be  either  folid,  fo  ft  or  fluid  ; 
as,  e.  g.  Refin  or  butter  with  different  degrees 
of  heat,  leflening  the  attraction  of  cohefion  in 
the  conftituent  particles. 

§.  2.  The  folid  parts  of  animals  and  ve- 
getables have  this  fabric  in  common,  that 
their  elements,  or  the  fmallefi  parts  we  can 
fee  by  the  fineft  microfeope,  are  either  fibres, 
or  an  unorganized  concreet. 

REMARK. 

(i.)  Elements  are  the  fmallefi:  and  molt  Am- 
ple particles  we  can  defcend  to  in  the  compofi- 
tion  of  bodies.  And  thefe,  which  we  are  to 
confider  as  the  keys  of  nature,  are  fuch  as  we 
are  either  led  to  by  fenfe  and  reafon,  or  by  rea- 
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fan  only.  Thefelaft  are,  therefore,  termed  onto- 
logical elements  or  primitive  atoms,  from  their 
firft  obferver  Democritus,  in  contradiftindtion 
to  the  four  common  or  phyGcal  elements  of  Ari- 
ftotle.  For  though  matter  be  in  the  mind  infi- 
nitely divifible,  ’tis  not  actually  fo  in  nature, 
but  to  a certain  degree.  And  from  thefe  indi- 
vifible  or  atomical  particles,  differing  only  in 
bulk  and  figure,  by  a various  combination,  a- 
rife  thofe  fenfible  or  univerfally  extended  homo- 
geneous bodies  we  call  physical  elements,  be- 
caufe  we  fee  nature  ufes  them  by  mixture,  tex- 
ture and  organization  to  form  all  the  bodies  in 
the  univerfe.  Such  are  the  infinite  expanfion  of 
tether  •,  our  limited  fphere  of  air  \ the  more 
confined  body  of  water  •,  and  that  ftiil  lefs  body 
which  we  call  earth. 

(2.)  Alther  is  that  compound,  ever  highly 
elaftic  and  fubtileft  of  all  fluids,  which  is  ex- 
tended by  reciprocal  undulations  throughout  the 
univerfe  (our  vacuum’s  or  exhaufted  glaffes  not 
excepted)  fo  as  (by  moving  with  a certain  cele- 
rity in  diredt  lines)  to  form  light ; by  refledtion 
and  refradtion,  colours  •,  by  attraction  and  col- 
liffion  with  the  other  elements,  heat  and  fire, 
lefs  degrees  of  which  we  call  cold. 

(3.)  Air  is  that  diaphanous  and  compreffible 
fluid  which  is  extended  about  a degree  round 
the  terraqueous  globe,  being  with  us  about 
46,656,000,000  times  more  denfe  and  fluggilli 
than  aether,  betwixt  which  and  air  there  is  a very 
great  affinity  or  attractive  force,  as  their  denfity  ; 
i.  e.  the  air  contiguous  to  the  aether  takes  in  and 
concentrates  the  aether  proportionally  to  its 
greater  denfity,  by  which  it  is  rendered  more 
fpringy  and  adtive,  with  this  difference  that  the 
air,  by  contadt  and  cohefion  in  the  parts  of  bo- 
13  2 dies. 
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dies,  becomes  folid  and  unelaftic  (but  aether  ne- 
ver) j from  whence  again,  by  heat,  fire  or  dif- 
folution  of  parts  being  feperated,  its  elafticify 
returns.  This  element  has  a near  affinity  or  re' 
lation  to  water,  becaufe  it  eagerly  takes  up  rati- 
fied water  into  itfelf,  as  water  again  drinks  up 
a portion  of  air  w ithin  its  contact  ; fo  that  air 
and  water,  actuated  by  aether,  make  the  levers 
and  wedges  by  which  nature  performs  all  her 
changes  in  bodies  either  fynthetically  or  analy- 
tically. And  it  ferves  as  the  common  medium 
of  communication  betwixt  us  and  all  bodies. 

(4.)  Water  is  a colourlefs,  infipid,  inodo- 
rous and  uninflammable  liquor,  ftrongly  related 
or  of  near  affinity  both  to  air  and  earth,  but 
more  particularly  the  laft,  fince  it  readily  ab- 
forbs  them,  as  they  abforb  it.  This  owes  it 
fluidity  to  a certain  degree  of  heat,  fince  with 
a heat,  two  thirds  lefs  than  that  of  our  blood, 
it  congeals : and  with  about  twice  the  heat  of 
our  blood  it  boils,  beyond  which  it  can  be  made 
no  hotter. 

(5.)  Earth,  as  an  element,  is  a folid,  opaque, 
angular,  friable,  chalky  fubftance  of  fuch  fmall 
volatile  particles,  that  it  readily  diffufes  itfelf 
through  air  and  water,  and  refides  invifibly  in 
them  j as  earth  eagerly  imbibing  both  air  and 
water,  by  their  means  forms  the  permanent  bafis 
.and  growth  of  all  mineral,  vegetable  and  animal 

bodies. A fmall  particle  of  tether,  air  and 

water  combined  will,  from  their  fluidity,  forma 
fpherule,  conlequently  infipid  and  inodorous ; 
but  coming  into  thrift  union,  round  a more 
denfe,  angular  particle  of  earth,  will  be  a conoide 
corpufcle,  of  which  the  fpherule  will  be  the  bafis, 
and  the  leall  point  »f  the  earth  the  apex.  Such 
a particle,  irritating  the,  fmdl  and  tafte  by  its 

figure 
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figure  and  denfity,  volatile  from  its  mi'nutenefs, 
and  ftrongly  attrabting  both  air,  water,  and 
earth,  (efpecially  the  laft)  we  call  an  acid,  fluid 
fait.  And  fuch  parts  again  varioufly  combined 
with  light  earth  and  the  other  elements,  will  form 
a bituminous,  greafy,fulphurous  oroily  fubftance, 
combuftible  or  inflammable,  as  Sir  I.  Newton 
obferves.  Thus  mineral  elements,  falts  and  ful- 
phurs  taken  from  the  earth,  do,  by  heat  and  or- 
ganisation, become  vegetable  in  plants  ; thole' 
of  plants  are  changed  into  animals,  and  thofe 
of  animals  into  one  another,  without  ever  carry- 
ing the  diflolution  to  the  minima  naturalia,  or 
atoms  of  Democritus.  An  acid  is  thus  by  the 
reed  neutralifed  into  fugar  ; in  the  common  ra- 
difh,  pellitory  of  the  wall,  &c.  ’tis  made  ni- 
trous ; in  the  horfe-radilh,  onion,  &c.  alcaline; 
and  alcalies,  (loot,  pot-afh,  rotten  flefh)  are  a- 
gain  in  the  vine  and  grape  changed  firft  into  a 
four  and  then  into  a faccharine  juice,  &c.  fo 
that  out  of  a few  Ample  elements  (as  in  the  notes 
of  mufic)  by  combinations  arife  all  the  varieties 
of  medicinal  and  other  fubflapces.  Thefe  com- 
bined by  mere  mixture  and  contexture,  as  in  mi- 
nerals, falts,  gums,  cartilages,  glue,  &c.  make 
an  unorganifed  concreet  5 but  when  the  parts 
combined  perform  any  motion  in  a living  body, 
whether  plant  or  animal,  we  call  them  a ma- 
chine, or  if  complex  an  organ;  of  which  fibres 
or  flexible  elaftic  threads  are  the  moll  Ample, 
and  univerfally  compofe  the  reft.  So  elaftic 
globules,  with  a watry  albumen  or  gelly,  are  the 
bafls  of  all  the  circulating  juices,  that  of  the 
nerves  not  excepted. 


§.3.  A fibre  in  general  may  be  mathe- 
matically confidered  as  refembling  a line  made 
B 3 of 
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of  points,  having  a moderate  breadth  ; or 
rather  geometrically  as  a flender  cylinder. 
And  that  the  more  conftant  or  permanent 
parts  thereof  are  earth,  is  demonftrated  from 
a calcination,  or  a long  continued  putre- 
faction. 

R EMAR  K. 

An  animal  or  human  body  is  not  improperly 
laid  to  be  made  up  of  clay  or  (limy  earth,  fince  all 
the  folids  (which  are  compofed  of  fibres)  and 
even  the  permanent  or  globular  fluids  which  cir- 
culate, are  formed  of  chalky  particles  like  thofe 
of  pipe- clay  cemented  together  by  glue  or  gelly  ; 
as  you  may  fee  by  burning  a lump  of  blood  or 
a bone  in  a clear  fire,  where  after  the  air,  water, 
fait  and  oil,  which  compofe  the  glue,  are  expel- 
led and  confumed,  you  have  a white,  friable, 
chalky  earth,  coming  the  neareft  to  virgin  or 
elementary  earth  of  any  we  know.  So  likewife 
by  difeafe  or  putrefaction  in  a fpina  ventofa  of 
the  bones.  And  we  fee  thefe  ftcmina  or  gluey 
particles  of  earth,  which  compofe  all  the  mi- 
nute, folidand  fluid  machinulae  of  the  body,  are 
prepared  from  our  ingefta  palling  not  only  the 
chylificative,  fanguineous  and  ferous  velfels,  but 
alfo  for  fome  parts  through  the  brain  and  nerves, 
before  they  are  applied  as  nutritious  matter; 
requiring  a healthy  ftrong  {fate  both  of  velfels 
and  humours  to  duly  prepare  them  as  to  fize, 
quantity  and  quality,  as  well  as  to  apply  them, 
(a  defeft  of  which  we  fee  in  rickets,  fcorbutic,- 
venereal,  cafes);  whence  5tis  fomewhat  ftrange 
our  great  Boerhaave  Ihould  in  his  21ft  prac- 
tical aphoriim,  conceive  them  as  immutable  in 
their  foft  glutinous  flate  within  our  bodies,  as 

in 
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in  the  dry  rigid  condition  of  a goldfmith’s  cup- 
pell,  after  palling  the  fire. 

§.  4.  Thefe  earthy  particles  have  their 
connexion  and  power  of  cohelion  not  from 
themfelves,  or  a mere  contact,  but  from  the 
intermediate  glue  placed  betwixt  them.  This 
we  know  from  the  experiments  mentioned 
above  (§.  3.) ; and  from  the  eafv  experiment 
by  which  a burnt  hair,  whole  parts  yet  hang 
together,  recovers  a degree  of  firmnefs  by 
dipping  in  water  or  oil.  Alfo  the  remains  of 
ivory  or  bone  fhavings,  whofe  gcliy  has  been 
extracted,  become  friable. 

REMARK. 

Thefe  experiments  fufficiently  prove  that  the 
degree  of  cohefion  in  the  parts  of  a fibre  by 
which  ’tis  faid  to  be  ftrong  or  weak,  lax  or  rigid, 
depends  chiefly  on  the  quantity  and  tenacity  of 
the  intermediate  connecting  glue. 

§.  5.  That  this  glue  is  compofed  of  oil 
combined  with  water  by  the  vital  attrition  in 
animals,  appears  again  from  the  chemical 
analyfis  of  bones  and  hair ; from  the  jelly  of 
bones,  ivory,  and  horns;  and  from  the  na- 
ture of  our  aliments  themfelves.  Nor  is 
there  any  kind  of  glue  that  could  more  pow- 
erfully join  tbe  parts  of  animals  together; 
as  we  experience  in  fifh-glue,  and  that  of 
joiners  or  cabinet-makers,  &c.  See  §.  1 5. 
ult. 
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REMARK. 

Add  that  this  oil  is  difpofed  to  unite  with  the 
water  by  attrition  from  a confiderable  portion  of 
an  ammoniacal  or  neutral  fait  joined  with  a good 
deal  of  unelaft ic  air ; which  fait  we  obtain  in  an 
alcaline  volatile  date  by  didillation. 

§.  6.  Earthy  particles  then  (§.  3.)  cohe- 
ring longitudinally,  and  tied  together  by  an 
intervening  cohefive  glue,  (§.  5.)  compofe 
fird  one  of  the  lead;  or  mod  fimple  fibres  j 
fuch  as  we  have  a knowledge  of  rather  from 
reafon  than  fenfe. 

REMARK. 

The  fined  microfcopes  have  been  hitherto  in- 
fufficient  to  lead  us  to  a fight  of  the  fmalled 
moving  and  nervous  fibrils,  and  dill  lefs  can 
we  ever  expeCt  from  them  to  get  any  fenfible 
idea  of  the  mechanifm  by  which  fenfation  and 
motion  are  effected.  For  how  motion  is  modu- 
lated to  produce  animal  fenfe,  or  how  animal 
fenfe  and  will  can  produce  motion,  we  can  only 
conjecture,  and  never  certainly  know.  We  pro- 
ceed, therefore,  to  compound  vifible  fibres. 

§.  7.  But  the  lead  fibres  which  appear  lad 
to  the  fight,  if  you  will  take  up  with  their 
fird  appearance  and  the  eftablidied  opinion, 
are  of  two  kinds. 

REMARK. 

From  the  fieure  of  thefe  two  kinds  of  fibres, 

/- 

as  we  fhallprefently  fee  (§.  8,  9.)  we  may  didin- 
guifih  the  former  by  the  title  of  filamentary,  and 
the  latter  of  membranous. 

§.  8.  The 
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§.  8.  The  firft  kind  of  thefe  fibres  (§  7.) 
is  lineal,  namely,  fuch  a form  as  makes  their 
length  confiderably  large  in  proportion  to 
their  breadth  j and  which,  by  difpofing  of 
the  elementary  particles  in  a right  line,  muft 
of  courfe  lay  them  generally  parallel  with 
the  neighbouring  or  contiguous  fibres.  Ex- 
amples of  fuch  fibres  we  fee  in  the  bones,  and 
mold  eafily  in  thofe  of  a foetus ; and  likewife 
in  the  tendons,  ligaments  and  mufcies : only 
we  muft  here  always  remember,  that  the 
eye  never  reaches  to  the  fmalltft  fibres,  but 
to  larger  ones  made  up  the  fmaileft,  and  like 
to  them  in  flendernefs,  placed  together  in  a 
rectilineal  courfe.  - That  thefe  are  not  diffe- 
rent from  the  fmaileft  fibres,  we  are  per- 
fuaded  by  the  moft  accurate  microfcopes  of 
Muyfe  and  Lewenhoeckj  by  which,  the 
mufcular  fibres  divided  even  to  the  laft,  ap- 
pear fimilar  to  the  larger,  till,  at  length, 
they  feem  mere  lines,  like  fpiders  threads. 

§.  9.  The  fecond  kind  of  fibres  (§.  7.) 
are  thofe  which  are  conjoined  with  a breadth 
frequently  larger  than  their  length,  in  form- 
ing what  is  commonly  called  the  cellular 
tunic  or  membrane  ; tho*  the  name  tunic  or 
membrane  is  on  many  accounts  improperly 
given  to  it. 

REMARK. 

From  what  has  been  faid,  we  may  admire  na- 
ture no  lets  for  her  wife  ceconomy  than  fimplicity, 
in  thus  forming  all  that  variety  of  parts  we  lee  in 
an  animal  from  one  fimpie  mafs  of  clay  or  Hi  my 

matter. 
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matter,  compounded  cf  earth  and  glue  ; from 
whence  the  body  is  not  only  augmented  from  a 
fmgle  point  in  the  ovum  to  its  full  growth  and 
flat u re ; but,  iike  the  timbers  of  a fhip,  is  alfo 
every  day  repaired  during  life,  ’till,  at  length, 
not  two  jots  of  the  old  or  firft  materials  re- 
main. This  renovation  of  parts  is  made  flower 
in  fome  conftitutions,  and  in  fome  organs,  than 
in  others.  How  quickly  the  animal  humours 
with  the  hair,  nails,  &c.  are  renewed  every  one 
knows  : and  we  may  venture  to  fay,  that  once 
in  three  years  the  change  is  univerfal  •,  at  the 
end  of  which  time,  tho’  a man  remains  the  fame 

identic*!  perfon,  he  is  not  the  fame  matter. 

But  we  proceed  from  thefe  fimple  fibres  to  the 
next  leaft  compounded  folid  which  they  compofe, 
viz.  the  tela  vel  fubftantia  cellulofa  fpongioides , the 
cellular  web-like  fubftance. 

§.  io.  The  faid  cellular  fubftance  is  made 
up  partly  of  the  forementioned  fimple  fibrills 
(§.  8,  9.)  and  partly  by  an  infinite  number  of 
little  plates  or  fcales,  which,  joined  in  various 
directions  intercept  fmall  cells  and  web-like 
fpaces  j and  by  extending  round  every,  even 
the  lead:  moving  folid  parts  of  the  body, 
conjoins  them  altogether  in  fuch  a manner  as 
not  only  fuftains,  but  allows  them  a free  and 
ample  motion  at  the  fame  time.  But  in  dif- 
ferent parts  of  the  body  we  obferve  a great 
variety  of  this  web-like  fubftance,  in  relpedt 
of  the  proportion  betwixt  the  membraneous 
tides  and  intercepted  cells,  as  well  as  the 
breadth  and  ftrength  of  thole  fides,  and  the 
nature  of  their  contained  liquor,  which  is 

fome- 
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fometimes  more  watry,  and  fometimes  more 
oily. 

REMARK. 

The  extenfion  of  this  fubftance,  not  only  with 
the  fkin  round  the  whole  body,  but  alio  round 
every  vifcus  or  organ,  and  round  every  individual 
moving  fibre  or  veffel  of  them,  into  the  cavities 
of  the  bones,  and  even  the  fubftance  ot  the  brain 
and  its  medulla,  is  a modern  and  wonderful  difco- 
very  of  anatomifts,  by  which  we  have  great 
light  into  many  otherwife  obfcure  difeafes.  This 
fubftance  in  its  ultimate  or  fineft  flate  being 
compofed  of  fimple  membranes,  when  com- 
pacted and  convoluted,  gives  birth  to  the  leaft 
or  moft  fimple  veftels,  which,  again  reflected 
through  plates  of  the  fame  fubftance  compacted 
together,  make  compound  and  vafcular  mem- 
branes, to  the  confideration  of  which  we  next 
proceed. 

§,  ii.  Out  of  this  net-like  cellular  fub- 
ftance compacted  by  a concretion  of  the 
membranous  plates  or  partitions,  and  prefifed 
together  by  the  force  of  the  incumbent 
mufcles  and  diftending  fluids,  arife  other 
broad  and  flat  plates  or  fkins  in  various  parts 
of  the  body,  wh;ch  being  generally  difpofed 
in  one  and  the  fame  direction,  feem  to  have 
yet  a better  right  to  the  title  of  membrane, 
than  the  former  ; and  thefe  being  convoluted 
into  cones  and  cylinders,  pervaded  by  a flux 
of  fome  juice  or  liquors  brought  to  them, 
put  on  the  name  of  vejjehy  or  elfe  being  ex- 
tended round  fome  /pace  that  is  in  a plane 

parallel 
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parallel  to  itfelf,  we  call  it  a tunic  or  coat. 
Bat  that  tunics  or  coats  are  formed  out  of  the 
cellular  fubftance  is  proved  to  ocular  inflec- 
tion, efpecially  in  the  aorta  or  dura-mater, 
by  maceration  ; and  the  coats  of  the  mufcles 
are  thus  evidently  of  a celkilar  fabric,  while 
they  referable  the  texture  of  other  mem- 
branes 5 from  a degeneration  of  the  pericar- 
dium as  a true  membrane  into  the  cellular 
fubftance,  or  membranes  of  the  great  blood 
veffels  belonging  to  the  heart ; from  the  ori- 
gin of  the  hard  and  thick  membranes  which 
are  about  encyfted  tumors,  and  which  are 
formed  only  in  the  cellular  fubftance  3 laftly, 
from  the  eafy  change  of  the  dartos  coat  of  the 
tefticle,  and  the  nervous  tunic  of  the  inteftines, 
by  inflation,  into  the  cellular  fabric.  ^ 

§.  12.  All  the  veftels  with  which  we 
fee  tunics  commonly  painted,  are  an  ad- 
dition to  the  cellular  net-work,  and  in  no 
wife  conftitute  the  nature  of  a membrane, 
but  are  fuperadded  to  the  membrane  itfelf, 
which  is  firft  formed  of  the  cellular  net-like 
fubftance.  Betwixt  the  mafhes  or  fpaces  of 
the  inteftinal  net-work  of  veftels,  perfectly 
well  filled  by  the  Ruyfchian  art  of  injection, 
we  ftill  fee  that  the  white  cellular  fubftance 
which  remains,  greatly  exceeds  the  bulk  of 
the  veftels,  although,  by  their  preternatural 
diftention,  they  take  up  more  room  by  filling 
more  of  the  fpace.  But  for  membranes 
compounded  of  fibres,  interwove  or  decuflia- 
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ting  each  other,  I know  of  none  fuch,  un- 
ids  you  will  take  ligamentary  or  tendinous 
fibres  for  them,  which  yet  are  fpread  only 
over  the  face  of  fome  true  membrane. 

§.  13.  This  cellular  web-like  fubftance  in 
the  human  body  is  found  throughout  the 
whole ; namely,  wherever  any  veil'd  or  mov- 
ing mufcular  fibre  can  be  traced,  and  this, 
without  the  lead;  exception,  that  I know  of, 
in  any  part  whatever.  See  remark  of  §.  10. 
and  of  §.  1 7.  following, 

§.  14.  The  other  elementary  fubftance  of 
the  human  body  (§.  2.)  viz.  concrementum 
glutinofum  chondroeides , which  cannot  be 
truly  called  either  a fibrous  or  cellular  plate, 
is  a mere  glue  evalated  and  concreted,  not 
within  the  fibres,  but  in  Spaces  betwixt  them. 
In  the  bones  this  extravafated  fubftance  is 
' manifeft  enough  j for  you  fee  the  fibres  very 
diftindt  in  the  bones  of  a fcetus,  in  the  in- 
tervals betwixt  which  you  perceive  the  vef- 
fels  running  3 fo  that  every  bone  in  the  fkuli 
on  all  Tides  refembles  the  teeth  of  a comb. 
But  this  fabric  is  fo  altered  in  an  adult  perfon, 
that  a cartilaginous  juice  being  extravafated 
in  the  fpaces  betwixt  the  fibres,  we  fee  fmall 
plates  formed  of  it. 

§.  1 5.  But  here  the  courfe  of  nature  feems 
to  be  fuch,  that  even  the  filamentary  fibres 
(§.  3.)  are  all  firft  formed  of  fuch  a transfu- 
fed  glue.  And  that  the  membranous  or  fcaly 
fibres  of  the  cellular  fubftance  (§.  7.)  are  thus 
formed  appears,  fpom  thofe  cellular  fibres 
4 pro- 
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produced  in  the  thorax  from  a concreted  va- 
pour or  ferum  transfufed  through  the  furface 
of  inflamed  lungs,  which  are  thereby  con- 
joined to  the  pleura  ; for  thefe  perfectly  re- 
ferable the  true  and  natural  cellular  fubftance. 
The  fame  appears  alfo  from  a comp2rifon  of 
the  foetus  with  an  adult ; for  the  large  fub- 
cuianeous  cellular  fubftar.ee  has  in  a foetus  a 
mere  jelly  in  its  ftead  interpofed  betwixt  the 
fkin  and  mufcles,  which  laft  weobferve  very 
firm  in  a foetus.  This  theory  is  again  illu- 
ftrated  ( i.)  font  helically,  bv  the  fibrous  cake 
one  may  draw  out  from  blood  by  ftirring  it 
round  with  a probe  ; and  from  the  mem- 
brane, which  may  be  in  like  manner  formed 
thence  according  to  the  experiment  of  Ruyfch. 
and  Albinus’s  membrane  from  mucus ; laft- 
ly,  from  the  formation  of  a polypus,  fiik 
and  glue.  (2.)  Analytically , we  fee,  from 
difeafec,  that  the  bony  fibres  are  formed  firft 
of  a compacted  glue  ; becaule  the  hardeft 
bones,  by  a difiblution  of  their  glue,  return 
again  into  cartilage,  flefh,  and  jelly  : fuch 
experiments  we  make  on  the  bones  of  fifli 
and  other  animals  with  Papin’s  digeftor. 

§.  ; 6.  The  anthropoger.efis , therefore,  or 
formation  of  the  human  folids,  feems  begun 
when  a gelatinous  water,  like  the  white  of 
an  egg,  with  a fmall  portion  of  fine  creta- 
ceous earth,  runs  together  into  a thread,  from 
fome  prefture,  the  caufes  of  which  are  not 
our  prefent  concern.  Such  a filament,  by 
the  mutual  attraction  of  coheficn,  intercept- 
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ing  fpaces  betwixt  itfelf  and  others,  helps 
to  form  a part  of  the  cellular  net-like  fub- 
flance,  after  having  acquired  fome  toughnefs 
from  the  neighbouring  earthy  particles,  which 
remain  after  an  expuhion  of  the  redundant 
aqueous  glue.  And  in  this  net-like  fubflance, 
wherever  a greater  preffure  is  impofed  on  its 
fcales  or  tides,  they  turn  into  fibres  and  mem- 
branes or  tunics j and  in  the  bones,  laftly, 
they  concrete  with  an  unorganifed  glue., 
(§.  14).  Hence,  in  general,  all  parts  of  the 
body,  from  the  foftefi  to  the  hardefl,  feem 
to  differ  no  otherwife  than  as  the  former  have 
more  of  the  earthy  particles  more  clofely 
compacted  together,  with  lefs  of  the  aqueous 
glue  ; while  in  the  foftefi  parts  there  is  lefs 
earth,  and  more  glue.  See  the  remark  of 
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LECTURE  IL 

Cf  the  cellular  fuhjlance  and  its  fat. 

J.  1 7 * \ A/7"  ^ ^ave  now  ^een  (§•  10  ) that 
’ V the  cellular  web-like  fubibance 
is  made  up  of  fibres  and  plates,  which  are 
neither  hollow  nor  vafcular,  but  folidj  al- 
though they  are'  afterwards  painted  by  an  ac- 
eefion  of  veffels.-  But  the  principal  diffe- 
rences of  its  fabric  are  the  following.  In 
fome  parts  of  the  body  it  is  open  and  loofe, 
being  formed  of  long  and  difirant  plates  ; in 
others,  it  is  thin  and  compadt,  being  made 
up  of  fhort  fibres,  concreted  together.  I 
find  it  thineft  and  of  the  fhortefi:  fibres,  be- 
twixt the  fclerotica  and  choroides  of  the  eye; 
and  betwixt  the  arachnoides  and  pia  mater 
of  the  brain.  I alfo  find  it  very  thin,  but 
more  tender  and  confpicuous,  betwixt  every 
two  coats  of  the  intefiines,  ftomach,  bladder 
and  ureters : ’tis  alfo  thin  and  empty-  under 
the  fkin  of  the  penis,  forehead,  and  in  the 
lungs,  in  which  laid  we  call  it  veficles.  ’Tis 
compofed  of  yet  longer  fibres,  where  it  is 
extended  over  the  larger  veffels,  under  the 
name  of  a capfule  or  vagina  ; as  through  the 
vifeera,  and  particularly  the  liver  and  lungs. 
Its  principal  ufe  is  to  bind  together  the  con- 
tiguous membranes,  veffels  and  fibres  in  fuch 
a manner  as  to  allow  them  a due  or  limited 
morion.  But  the  cellular  fubftance,  fo  far 

as 
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as  we  have  hitherto  defcribed  it,  hardly  ever 
admits  of  any  fat  into  the  cells ; which  are 
rather  moiftened  by  a watry  vapour,  that  is 
fomewhat  gelatinous  and  oily,  exhaled  out 
of  the  arteries  and  received  again  into  the 
veins.  The  truth  of  this  is  eafily  demon- 
ftrable  from  injections  of  oil  and  water,  either 
alone  or  with  fifh-glue,  made  in  all  parts  of 
the  body.  When  this  vapour  is,  by  inflam- 
mation, too  glutinous,  or,  from  any  caufe, 
abfent  or  abolifhed,  the  fmall  fibres  grow  one 
to  another,  and  the  contiguous  membranes 
or  plates  are  cemented  into  one,  with  a lofs 
of  their  motion. 

§.  r 8.  The  cellular  fubftance  and  its  plates 
or  fcales,  are  ftill  more  loofe  and  open  where 
it  divides  the  mufcles  and  all  their  fibres  (even 
to  the  ultimate  fibre)  j and  likewife  where  it 
furrounds  and  fuftains  the  leaft  vefiels  with 
their  free  motion.  That  within  the  cavities 
of  the  bones  is  alfo  made  up  of  bony  plates, 
with  membranous  ones  intermixed  ; and  laft- 
ly,  it  is  the  mod  loofe  and  open  of  all,  round 
the  furface  of  the  body  on  all  fides,  betwixt 
the  mufcles  and  the  flcin. 

§.  1 9.  Into  the  empty  fpaces  of  this  cel- 
lular fubftance,  (§.  18.)  almoft  every  where, 
in  the  fcetus  is  poured  at  firft  a jelly,  and 
afterwards  a fatj  which  at  firft  is  grumous 
or  curdy,  but  afterwards  clear  and  leafy  * 
namely,  a thick,  infipid,  inflammable  liquor, 
which,  in  a cold  air,  congeals,  in  fome  de- 
gree, into  a folid,  efpecially  about  the  kid- 

C neys 
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neys  of  herbivorous  and  horned  cattle;  but 
is  fofter  and  yellower  in  carnivorous  ones  j 
and  while  they  are  living,  it  feems  a mere 
fluid,  or  very  nearly  fo. 

§.  20.  Through  this  cellular  web-like  fub- 
ffance  the  fmall  veflels  are  fpread  and  rami- 
fied in  all  parts  of  the  body,  from  whofe  ar- 
terial extremities  the  fat  is  depofited  into  the 
cells,  and  afterwards  abforbed  by  the  venal 
orifices.  This  paflfage,  from  the  arteries  into 
the  adipofe  cells,  is  fo  free  and  fhort,  that 
there  muft  needs  be  very  large  mouths  by 
’ which  they  open,  and  by  which  they  give 
admittance  to  injeCted  mercury,  air,  water, 
diflolved  fifh-glue  or  jelly,  and  oil  not  ex- 
cepted, which  is  always  very  fluggifh  in  paf- 
fing  through  the  veflels,  even  of  living  ani- 
mals. The  oily  fat,  in  this  fubftance,  is 
feperated  and  expelled  from  the  artery,  not 
by  any  long  duCts,  but  by  tranfuding  on  all 
fides  through  the  whole  extent  of  the  veflel ; 
infomuch  that  when  an  artery  is  filled  or  in- 
jected with  water,  there  is  no  part  of  the 
furrounding  cellular  fubftance,  but  what 
fwells  with  the  moifture.  How  quickly  it 
is  collected  from  the  arteries,  appears  from  the 
fpeedy  renovation  of  it,  by  a returning  fatnefs 
after  acute  difeafes.  See  §.  25. 

§.  21.  But  this  return  of  the  fat  abforbed 
by  the  veins,  we  are  taught  from  the  fudden 
effeCts  which  labour  or  exercife  of  the 
mufcles  more  efpecially  has  in  confuming 
the  oil  of  very  fat  animals ; alfo  from  the 

con- 
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' confumption  of  our  fat  in  fevers,  and  from 
the  cure  of  dropfies,  where  the  water  tranf- 
fufed  into  the  cellular  fubfiance,  is  in  a man- 
ner abforbed  and  thrown  out  by  the  intefti- 
nal  tube  ; and  lafily,  from  the  tranfuding  of 
water  and  oil  from  the  venal  orifices,  when 
injected  by  the  fyringe.  Whether  any  of  the 
nerves  pour  out  their  contents  into,  or  are 
fpread  upon,  the  adipofe  cells,  is  an  impro- 
bable queftion.  But  his  certain  they  in  moil 
parts  run  through  this  fubfiance,  and  here- 
by divide,  in  their  courfe,  into  the  minuted: 
filaments,  fo  fmall  that  you  can  no  longer 
trace  them  by  the  knife  But  then  the  fat  is 
both  infenfible  and  unirritable. 

§.22.  With  regard  to  the  fponge-like 
communications  of  this  fubfiance,  his  re- 
markable, the  intervals  or  fpaces  betwixt  the 
plates  or  fcales  that  make  up  their  fides  in  the 
cellular  membrane,  are  every  where  open, 
and  agree  in  forming  one  continuous  cavity 
throughout  the  whole  body.  This  appears 
from  the  inflation  which  butchers  make  by  a 
wound  of  the  fkin,  and  which  being  once 
received  into  this  fubfiance,  is  eafily  driven  fo 
as  to  raife  the  fkin  all  over  the  body  ; and 
likewife  from  an  emphyfema,  in  which  the 
air  received  by  a wound  of  the  fkin,  b&ing 
retained,  caufes  a fwelling  throughout  the 
whole  furface  of  the  body  ; and  finally  from 
difeafes,  in  which  a watry  or  ferous  humour 
is  depofited  into  all  the  cells  of  this  net-like 
fubfiance,  throughout  the  body.  That  none 
C z of 
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of  the  cellular  fabric  is  excepted  from  this 
communication,  appears  from  wounds  or  ac- 
cidents, wherein  even  the  vitreous  body  itfelf 
of  the  eye  has  received  the  flatus  of  an  em- 
phyfema ; and  again  from  difeafe,  in  which 
the  gelatinous  ferum  of  a dropfy  has  been 
found  transfufed  even  into  the  cavernous  bo- 
dies of  the  penis. 

§.  23.  The  great  importance  and  ufe  of 
this  cellular  fubflance,  in  the  animal  fabric, 
mufl  be  evident  to  all  who  confider  that  from 
this  part  alone  proceeds  the  due  and  healthy 
firmnefs,  ftrength  and  ftability  not  only  of 
all  the  arteries,  nerves  and  mufcular  moving 
fibres  of  the  bodv,  but  likewife  of  all  the 
fiefby  parts  and  vifcera,  which  are  made  up 
of  the  former,  folded  together  within  this 
fubflance : and  even  the  figures,  cavities, 
pliability  or  flexures  and  motions  of  the  foft 
parts  depend  entirely  on  the  cellular  mem- 
brane, in  fome  places  of  a lax  and  in  others 
of  a more  clofe  and  hard  fabric.  That  out 
of  this  fubflance  joined  with  veflels,  nerves, 
mufcular  and  tendinous  fibres  (a  great  part  of 
all  which  are  before  formed  of  this  fubflance 
only)  all  the  vifcera,  all  the  mufcles  and 
glands,  with  their  ligaments  and  capfules,  are 
entirely  compofed  ; and  that  only  from  the 
different  length,  tenfion,  quantity  or  pro- 
portion of  this  the  diverfity  of  our  glands 
and  vifcera  arifes ; and  laflly,  that  this  alone 
makes  up  by  far  the  greateft  part  of  the 
whole  body,  as  we  are  certain,  although  the 

whole 
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whole  be  not  formed  out  of  cellular  fila- 
ments of  this  kind. 

§,  24.  The  ufes  of  the  fat  are  various ; as 
to  facilitate  the  motions  of  the  mufcles  in  all 
parts,  lefien  their  attrition  againft  each  other, 
and  prevent  a ftiffnefs  or  rigidity  ; it  fills  up 
the  intermediate  lpaces  betwixt  the  mufcles 
in  fuch  a manner,  with  the  cavities  about 
many  of  the  vifcera,  that  it  readily  yields  to 
their  motions,  and  yet  fupports  them  when 
at  reft  ; it  ferves  as  a ftratum  or  bed  to  con- 
duct and  defend  the  veftels  in  their  courfe  to 
all  parts ; it  gives  an  uniform  extenfion  to  the 
fkin,  and  ferving  as  a cuftfion  to  eafe  the 
weight  of  the  body  in  many  parts,  at  the 
fame  time  it  renders  the  whole  of  a comely, 
agreeable  fhape : it  probably  by  returning 
and  mixing  with  many  of  the  humours,  a- 
bates  their  acrimony  ; it  has  a principal  {hare 
in  forming  the  matter  of  the  bile,  and  by 
tranfuding  through  the  cartilaginous  incrufta- 
tions  of  the  bones,  it  mixes  with  the  articu- 
lar liniment  or  fynovia  • alfo  by  exhaling  in 
a living  perfon  from  the  mefentery,  mefoco- 
lon,  omentum  and  round  the  kidneys,  it  lu- 
bricates the  furfaces  of  the  vifcera  with  an 
oily  emolient  vapour,  and  by  interpofing  be- 
twixt their  integuments,  prevents  their  grow- 
ing one  to  another. 

§.  25.  The  fat  is  depofited  into  the  cells  of 
this  fubftance  by  much  fleep,  with  reft  of  body 
and  mind  whence  being  collected  in  too  great 
a quantity,  it  proves  injurious  by  comprelfing 
C 3 the 
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the  veins,  and  by  caufing  too  great  a refinance 
to  the  heart  it  makes  a perfon  fhort-breathed 
and  liable  to  an  apoplexy  or  a dropfy.  The 
fame  humour  is  repelled  from  the  cells  into  the 
veins,  and  being  rapidly  moved  along  the  ar- 
teries, the  excefiive  motion  will  not  aliow  it  to 
go  off  laterally  by  the  fecerning  pores  to  the 
ceils : whether  this  celerity  of  the  blood  be,  by 
violent  exercife,  watchings,  cares  of  the  mind, 
afalivation  or  a fever.  Thusitcaufesan  increafe 
of  acute  difeafes,  tinges  the  urine  of  an  high 
colour,  and  forms  a great  part  of  its  hypo- 
ftafis  or  fediment.  Alter  a ludden  confump- 
tion  of  it,  ’tis  foon  renewed  again  from  good 
juices,  or  healthy  humours : but  in  a languid 
valetudinary  habit,  a gelatinous  ferum,  inftead 
of  fat,  is  depofited  into  the  cells  j and  this 
caufes  the  dropfy  we  call  anafarca,  affedting 
the  whole  habit,  together  with  an  external 
hydrocele  or  watry  fwelling. 

R E M A R K. 

Hitherto  we  have  furvey^d  the  ceconomy  of 
nature  in  her  wife  formation  of  the  moil  fimple 
folid  machinulas  of  our  body,  namely  fuch  parts 
as  by  their  form  and  elafticity  are  capable  of  a 
reciprocal  adlion,  fo  as  to  perpetuate  for  a num- 
ber of  years  the  motion  that  is  once  given  them. 
Thefe  we  fee  fire  has  formed  of  the  moil  perma- 
nent earthy  particles  incrufted  with  an  oily  glue  j 
which  as  they  arc  prepared  by  a continued  unde- 
qual  attrition  of  fluids  through  a numerous  ie- 
ries  of  veflels,  muft  receive  a fpherical  figure*, 
that  will  be  apt  to  change  by  compreffure,  at 

* Thefe  are  the  common  phyfical  or  natural  elements  of  all  ani- 
rnals  and  vegetables,  eafiljr  commutabie  one  i*to  the  ether, 
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leaft  on  their  furface,  which  confifts  of  a foft 
yielding  glue.  Such  particles  then  having  the 
fame  power  of  mutual  tendency  or  attraction, 
will  each  of  them  apart  be  fpherical ; but  when 
two  or  more  of  them  meet  in  contadt,  their 
furfaces  muft  yield  in  proportion  to  the  denfity 
and  vicinity  of  their  central  contents,  and  from 
round,  become  depreffed  fpherpids  or  cakes, 
whence  both  their  contacts  and  cohefion  will  in- 
creafe,  yet  fo  as  to  allow  a free  motion  of  the 
central  parts  to  Aide  one  by  the  other  fo  long  as 
the  quantity  and  tenacity  of  the  furrounding 
glue  anfwers  to  the  moving  diftradtile  force  ap- 
plied. A number  of  fuch  parts  then  united 
longitudinally  will  form  a fimple,  elaftic  and 
diftradtile  fibril ; or  fix  of  them  conjoined  to° 
gether,  at  equal  diftances,  will  form  a fimple, 
elaftic  and  leaft  globule  : and  thofe  we  fee  make 
the  primary  and  moft  fimple  inftruments  of  mo- 
tion in  an  animal  body,  to  the  ftate  or  difpofi- 
tion  of  which  all  the  other  folid  or  fluid  parts 
they  compofe  correfpond  in  the  ftrength  and 
adtion.  Here  the  folids,  as  the  main  fpring,  have 
the  predominant  ruling  force  over  their  elaftic 
contained  fluids,  which,  as  the  regulating  or 
weaker  fpring  muft  anfwer  in  their  nature  and 
motion  to  the  former ; whence  the  diverfity  of 

native  conftitutions. If  the  central  points  of 

thefe  earthy  ftamina,  in  a fibre  or  globule,  come 
clofe  enough  to  caufe  a due  cohefion  of  parts, 
which  may  fufficiently  yield  to  and  return  the 
given  impulfe  required,  5tis  faid  to  be  healthy 
and  robuji.  If  their  cohefion  be  too  clofe,  and 
connecting  glue  too  tough  or  dry,  they  are  faid 
to  be  rigid  and  unadtive  ; but  if  they  recede  far- 
ther, have  a glue  too  watry,  and  cohere  lefs 
than  fuffices  to  receive  and  return  the  due  vi- 
C 4 brations. 


24  Oj  the  Cellular -Sub fiance. 

vibrations,  they  are  then  faid  to  be  weak  and 
lax.  And  thefe  two  laft  are  the  morbid  condi- 
tions which  call  for  the  care  of  the  phyfician. 
What  has  been  faid  of  thefe  primary  fimple  ma- 
chinulae  is  true  in  a greater  degree  of  the  more 
compound  membranes,  vefTels  and  vifcera  which 
they  cornpofe  ; and  alfo  of  the  lymphatic,  ferous 
and  red  fpherules,  with  refpect  to  their  confti- 
^tuent  parts,  and  to  each  other. 

Hence  we  fee,  (i)  that  life  is  the  mere 
motion,  and  health  a certain  latitude  or  degree 
of  that  motion,  betwixt  the  elaftic  folids  and 
fluids,  extended  through  a feries  of  vafcular 
parts  gradually  more  compounded.  (2.)  That 
an  excefs  or  defeCt  in  this  motion  alters  the 
texture  towards  death  or  difeafe.  (3.)  That 
moderate  exercife  repeated  makes  the  parts 
ftrong  and  healthy,  by  keeping  them  moveable 
upon  each  other,  by  expelling  the  redundant 
watry  parts,  and  giving  the  whole  glue  a due 
firmnefs  and  coheflon.  (4.)  That  one  of  the 
leaft  veflels  clofed  into  a fibre  muff  be  ftronger 
than  that  veflel  was  before  ? from  the  in- 
creafed  contact  and  cohefion.  (<5.)  That  a cal- 
lus is  tougher  and  lefs  diftractile  than  original 
flefh  ? becaufe  it  is  lefs  vafcular  and  without  the 
interpofition  of  cellular  fubftance-,  whence  alio 
it  will  be  little  or  nothing  perfpirable.  (6.)  That 
th  e ftrength,  rigidity  or  laxity  of  the  fluids  and 
fol  ids  are  correfpondent  one  to  the  other  •,  i.  e. 
lax  folids  will  make  lax  thin  fluids,  whence  a 
weaker  reaction  of  them  in  the  veflels,  &c. 
which  will  pave  the  way  to  flow,  cold  difeafes 
as  the  contrary  will  difpofe  to  acute  inflammatory 
difeafes.  (7.)  That  aftringents  are  fuch  as  ap- 
proximate the  foiid  {lamina  and  thicken  their 
connecting  glue ; whence  they  flop  evacuations 


Of  ths  Cellular- S ub fiance.  25 

by  thickening  the  humours  and  leflening  the 
diameters  of  the  veflfels  : fo  that  given  fparingly 
in  laxity  of  the  folids  and  fluids  they  corrobo- 
rate ; but  in  excefs,  and  in  old,  laborious  rigid 
fubjedts,  with  an  inflammatory  lentor,  (or  even 
in  a cold  vifcidity,  unlefs  joined  with  ftimulants) 
they  coagulate  the  juices  and  fupprefs  the  adtions 
of  the  folids.  (80  That  oils  relax  without 
weakening,  becaufe  they  have  a greater  tenacity 
than  water  ; which  laft  diflolves  the  connecting 
glue  and  weakens  the  automatic  adtion  or  eiafti- 
city  of  the  ftamina  and  fibres  thence  arifing. 
For  which  reafon  large  and  fudden  evacuations 
leaving  the  folids  loofe  and  unactive  upon  the 
.fluids,  caufe  faintings  and  weaknefs.  ^9.)  We 
fee  that  where  there  is  a natural  laxity  of  the 
blood  and  its  veflfels,  as  in  women  and  children  ; 
where  they  move  with  a greater  impetus  than 
fuits  their  cohefion,  as  in  fevers  and  periodical 
haemorrhages-,  or  where  the  connecting  glue  is 
too  much  diflolved  by  a putrid  alcaline  conta- 
gion, as  often  in  eruptive  and  epidemical  fevers, 
there  may  be  an  extravafion  (according  to  the 
degree  or  multitude  of  thofe  caufes)  either  of 
ferous  or  fanguineous  fluids  into  the  cellular  fub- 
ftance  of  the  fkin,  and  other  larger  internal  ca- 
vities, without  a rupture  of  veflfels,  in  which  man- 
ner flow  the  courfes  of  women.  Hence  by  a 
diflfolution  of  the  connecting  glue,  from  a vene- 
real or  fcorbutic  acrimony,  the  bones,  veflfels 
and  the  elaftic  globules  break  eafily  whence 
frequent  haemorrhages  with  livid  cutaneous  fpots, 
&c.  And  thus  haemorrhages  happen  ofteneft  in 
the  nofe  and  lungs,  becaufe  the  arteries  have  their 
coats  there  thinner,  and  in  the  lungs  have  little 
refiftance  or  confinement  from  the  empty  cells, 
and  very  thin  epithelium  or  internal  cuticle : 

whence 
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whence  an  infedlion  is  fooner  fent  to  the  blood 
through  thefe  parts,  and  confumptive  ulcera- 
tions here  oftener  take  place,  (io.)  We  fee 
that  from  the  birth,  the  ftrength  and  cohefion  of 
the  folids  gradually  increafe  with  age,  while  the 
fluids  continue  lefs  altered,  till  at  length  a fenile 
weaknefs  and  natural  death  enfue  from  the  dead 
refiftance  of  the  rigid  membranes  and  veflels 
not  yielding  to  the  now  weaker  nervous  influx  •, 
the  nervous  fecretion  daily  leflening  and  the  cor- 
tex indurating  as  the  veflels  clofe  by  age. 
(i  i.)  We  fee  how  an  injudicious  internal  ufe  of 
aftringents  powerfully  contracting  the  larger 
veflels,  may  rather  increafe  than  flop  an  hemor- 
rhage, and  fome  local  fluxes  •,  or  by  caufing  too 
great  a pufh  upon  the  fmaller  veflels  in  a weakened 
part,  may  produce  one  de  novo.  (12.)  We  fee 
that  in  the  warmer  countries  and  feafons  of  the 
year,  where  there  is  always  a greater  tenacity  of 
the  fluids  and  a weaker  fpring  or  adtion  of  the 
folids,  bleeding  is  oftener  called  for  to  relieve  the 
tone  of  the  veflels  in  full  habits ; and  this  efpe- 
cially  in  wine  countries,  as  fouth  of  France,  Spain 
and  Italy  *,  for  that  from  its  globular  matter  and 
moderate  increafe  of  the  circulation  breeds  blood 
very  faft.  (-3-)  We  fee  why  in  molt  fevers, 
and  in  colder  countries  or  feafons,  ’tis  neceflary 
for  the  patient  to  have  a moderately  warm  room, 
warm  bed,  warm  drinks,  fleep,  &c.  by  which 
the  tendon  of  the  veflels  is  relaxed,  and  tenacity 
of  the  humours  leflened ; from  both  which  a 
fever  is  augmented.  (14.)  We  fee  how  a thick 
moifl:  air  in  foul  weather,  feems  heavy  to  us, 
though  it  be  much  lighter  than  a dry  ferene  air  ? 
becaufe  from  its  lefs  preflure  on  the  body  the 
fpring  of  the  folids  upon  our  fluids  is  weakened. 
(15.)  Why  onions,  muflard,  pepper  and  other 

alcaline 
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alcaline  flimulants  are  ufed  to  promote  the  di- 
geftion  of  putrefcent  meats,  pork,  fait  -filh,  &c.  ? 
becaufe  they  are  antifeptic  and  by  increafing  the 
mufcular  Strength  of  the  ftomach  make  them 
flay  there  not  too  long.  (16.)  Why  a dropfical 
patient  fo  eafily  relapfes  after  freeing  him  from 
his  waters  ? becaufe  being  lodged  where  the 
fibres  have  the  leaft  tone  and  elafticity,  as  in  -the 
lymphatics  and  cellular  fubflance,  where  corro- 
borants feldom  penetrate,  3tis  very  difficult  to  re- 
ftore  or  confirm  their  firft  ftrength.  (17.)  What 
pains  are  increafed  and  what  leffened  by  blood- 
letting ? namely  it  relieves  in  full  habits  with  a 
pleuritic  or  fizy  blood,  but  where  rheumatic  or 
hyfterical  pains  come  from  too  great  a laxity  of 
the  fmallerveflels  and  a loofe  watry  fluggifh  blood. 
Gum,  Guaic.  Cinnab.  Cort.  Peruv.  Rad.  Valer. 
Rhei  & Camph.  are  preferable  to  the  lancet,  as 
that  increafes  the  generating  caufe.  (18.)  Why 
inflammatory  tumours  are  painful  and  refi- 
tting, but  cedematous  ones  indolent  and  pit- 
ting ? becaufe  the  lymphatics  and  cellular  fub- 
flance, the  ufual  feat  of  the  laft,  have  but  little 
elafticity  and  fenflbility.  §.21.  (19. )Why  inflam- 
mation and  pain  are  always  lefsby  bleeding;  and 
how  it  may  provoke  perfpiration,  fweat  or  urine? 
viz.  by  abating  the  compreffure  of  the  excretory 
dudls,  by  leflening  the  force  and  diftention  of 
the  blood  veflels,  and  by  relaxing  the  blood  and 
humours  themfelves  urging  upon  the  diftrefled 
part.  (20.)  Why  the  pulfe  of  a fat  perfon 
compared  with  that  of  a lean  one  is  weak  and 
languid  to  the  touch  ? namely  becaufe  the  idtus 
is  loft  in  a foft,  unrefifting  and  unelaftic  fubflance, 
and  receives  little  or  no  increafe  or  return  from 
the  well- cloathed  contiguous  bone.  (21.)  That 
fudorifics,  diuretics  and  fcarifkations  are  much 

preferable 
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preferable  to  tapping  or  ftrong  purging  in  drop- 
lies  j becaufe  by  exhaufting  the  parts  gradually 
they  better  contraft  and  recover  their  loft  tone, 
■while  the  better  elaftie  or  globular  parts  of  the 
juices  are  ft  ill  retained  in  the  habit.  (22.)  That 
there  are  no  proper  or  peculiar  adipofe  veffels 
and  receptacles,  only  fuch  as  are  alfo  common  as 
well  to  the  watry  and  gelatinous  as  by  a greater 
laxity  or  impulfe  to  the  ferous  and  even  red 
parts  of  the  blood  from  whence  the  fat  laterally 
recedes.  Laftly,  as  the  cellular  fabric  fur- 
rounds  every  individual  tubulus  or  nervous  fi- 
bril, both  in  the  encephalon,  in  its  progrefs 
thence,  and  in  its  ultimate  expanfion  ( 23)  •,  we 
fee  thence  how  a weakening  of  this  fabric,  by 
excefs  of  dram-drinking,  tea-drinking  and 
lewdnefs,  has  reduced  the  old  athletic  Britifh 
conftitution  of  our  anceftors  to  the  modern  puny 
tenerity  of  habit,  obnoxious  daily  to  a train  of 
nervous  and  other  diforders,  almoft  unknown  to 
our  progenitors.  And  why  thefe  have  worfe 
effects  on  the  young,  witty,  ftudious  and  feden- 
tary  ; who  have  a natural  tendernefs  of  the  cel- 
lular fabric  and  nervous  fyftern ; to  relieve 
which,  the  cortex  was  timely  and  happily  dif- 
covered. 
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LECTURE  III. 

Of  the  arteries  and  veins. 

§.  26.  npHE  compound  membranes  made 
out  of  the  preceding  more  iimple 
parts,  we  fhall  hereafter  better  defcribe  each 
in  their  refpedtive  places.  Of  thefe  mem- 
branes there  are  feveral  common  to  the  ar- 
teries; which  are  elaific  tubes  or  canals,  form- 
ing parts  of  longly  extended  cones,  whole 
diameters  decreafe  as  they  divide  into  more 
numerous  branches.  But  where  the  arteries 
run  for  fome  length,  without  fending  of 
branches,  as  towards  their  ultimate  extremi- 
ties, their  convergency  is  not  very  evident ; 
and  at  length,  where  they  are  called  capil- 
laries, and  wherever  they  give  pafiage  to  only 
a fingle  red  globule,  they  are  either  cylindri- 
cal or  very  nearly  fo,  from  the  imperceptile 
diminution ; but  their  tranfverfe  feftions  are 
every  where  and  without  exception  circular, 
when  the  artery  is  full.  The  common  balls 
of  the  cone  in  all  arteries  is  either  in  one  or 
the  other  ventricle  of  the  heart ; and  the 
apex  of  the  cone  terminates  either  in  the  be- 
ginning of  the  veins,  or  in  the  beginning  of 
the  cylindrical  or  anaflomofing  part  of  the 
artery.  In  fome  places  indeed  the  arteries 
feem  to  diverge  or  dilate ; at  lead  they  be- 
come thereof  a larger  diameter  after  they  have 
been  filled  or  di (Tended  with  wax  ; which 

poffibly 
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pofftbly  may  arife  from  fome  ftoppage  of  the 
wax,  by  whofe  impulfe  that  part  of  the  length 
of  the  artery  becomes  more  diftended  than 
the  reft.  Examples  of  this  kind  we  have  in 
the  vertebral  artery,  at  the  bafts  of  the  ikull, 
in  the  fplenic  artery,  in  the  flexure  of  the 
carotid  artery,  according  to  Mr.  Cowper’s  in- 
jections ; and  laftly,  unlefs  all  my  experi- 
ments deceive  me,  in  the  fpermatic  arteries. 

§.  27.  There  is  indeed  no  external  adventi- 
tious coat  perpetual  and  proper  to  all  the  ar- 
teries 5 but  the  office  of  fuch  a coat  is  fup- 
plied  to  fome  of  them  by  one  Angle  external 
and  incumbent  integument,  which  in  the 
thorax  is  the  pleura,  and  in  the  abdomen  the 
peritonseum.  In  the  neck  a fort  of  thicker 
cellular- fubftance  furrounds  the  arteries ; for 
the  membrane  of  the  pericardium  which  on 
all  ftdes  clofes  round  the  aorta,  foon  difap- 
pears  by  changing  into  the  cellular  fubftance. 
The  dura  mater  imparts  a capfule  that  fur- 
rounds  the  carotid  artery  as  it  pafles  out  thro’ 
the  hole  in  the  fkull  for  that  purpcfe.  But 
the  firft  true  external  membrane  common  to 
the  arterial  tube  in  all  parts  of  the  body,  is 
the  cellular  fubftance  (§.  17.)  which  in  fome 
parts,  (as  in  the  thorax)  we  often  fee  reple- 
nifhed  with  fat.  (§.  19.) 

§.  28.  This  cellular  coat  is  in  its  external 
furface  of  a more  lax , open  texture,  painted 
with  a great  many  fmall  arteries  and  veins ; 
and  it  has  nerves  running  through  its  fub- 
ftance, which  are  none  of  the  fmalleft. 

2 There 
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There  is  fometimes  fo  much  of  this  cellular 
fubftance  about  the  artery  as  might  occafion 
one  to  think  it  hardly  belonged  to  it  as  an 
external  coat  or  lamella,  but  rather  as  fome 
foreign  net-work  added  to  this  vefifel.  Thus 
we  find  it  in  the  arteries  of  the  neck,  groins 
and  fubclavians  5 in  the  mefenteric,  cceliac 
and  hepatic  arteries.  And  thefe  are  the  va- 
ginas or  capfules  of  the  arteries,  formerly  ob- 
served by  fome  eminent  anatomifts. 

§.  29.  As  this  cellular  coat  advances  more 
inward,  and  nearer  to  the  light  and  capacity 
of  the  artery,  it  becomes  more  denfe  or  folid, 
and  is  tied  more  clofely  together  by  fmall  fi- 
bres , infomuch  that  there  appears  to  be  no 
tendinous  coat  of  the  arteries  diftindt  from 
this  laft  part  of  the  cellular  fubftance ; as  is 
evident  from  maceration,  whereby  the  inner 
ftratum  of  this  arterious  tunic  changes  into 
a cellular  fabric. 

§.  30.  Within  the  former,  and  nearer  the 
light  or  capacity  of  the  artery,  it  has  a coat 
of  mufcular  fibres , which  are  in  general  im~ 
perfedt  circles ; that  is  to  fay,  no  fibre  any 
where  makes  a compleat  circle  round  the 
veflel,  but  a number  of  fegments  conjoined 
together,  with  their  extremities  turned  off 
fideways,  feem  to  form  one  ring  round  the 
artery.  Thefe  fibres,  in  the  larger  arterial 
trunks,  form  many  ftrata  or  plates  one  wi- 
thin the  other,  appear  of  a redifh  colour  and 
are  remarkably  firm  and  folid ; but  in  the 
fmaller  arteries  they  are  by  degrees  more 

difficult 
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difficult  to  demonftrate.  Within  this  there 
feerrss  to  he  a fort  of  continuation  from  the 
former  cellular  membrane  from  betwixt  the 
mufcular  fibres,  although  it  be  among  them 
invifible,  and  here  very  difficult  to  demon- 
ftrate ; into  the  cells  of  which  a chalky  con- 
creting matter  is  poured  when  an  artery 
offifies. 

§.31.  The  inner  mo  ft  coat  of  the  artery  is 
thin  or  cuticular,  and  finely  poliffied  by  the 
influent  blood ; fo  as  to  form  a Angle  incru- 
ftation  that  every  where  lines  the  fleffiy  fi- 
bres, (§.  30,)  which  being  fomewhat  loofe, 
or  not  very  continuous  one  to  the  other ; this 
innermoft  lining  prevents  the  blood  from  infi- 
nuating  into  the  fpaces  betwixt  them.  ’Tis 
every  wffiere  fmooth  and  without  valves, 
altho’  from  a fort  of  mechanical  neceffity  it 
fometimes,  at  the  origination  of  branches, 
forms  a projecting  eminence  ; as  we  fee  at 
the  branches  produced  by  the  arch  of  the 
aorta.  Yet  in  arteries  of  the  vifcera  the  in- 
nermofl:  coat  is  fofter  and  more  lax  than 
what  we  have  defcribed  ; and  ’tis  there  in  a 
manner  wrinkled  and  alrnofl  friable. 

§.32.  The  arteries  themfelves  hare  arte- 
ries which  are  more  particularly  fpread  thro 
their  external  cellular  coat;  and  fpringing  on 
all  fides  from  the  next  adjacent  fmall  arterial 
trunks,  form  numerous,  branchy  net-works, 
which  are  all  of  them  indeed  very  minute, 
but  plainly  appear,  even  in  the  foetus  with- 
out injection,  to  be  very  numerous.  We  fee 

alfo 


Of  the  Arteries * 33 

alfo  there  are  nerves  which  defcend  for  a 
long  way  together  through  the  furface  of 
the  artery,  and,  at  laff,  vanish  in  the  cellu- 
lar fubftance  of  the  veffel ; of  which  we  have 
a fpecimen  in  the  ex  and  internal  carotids,  and 
arch  of  the  aorta.  And  from  thefe,  as  in 
other  mufcles,  the  arteries  feem  to  derive  a 
mufcular  and  convulfive  force*,  very  different 
from  that  of  their  fimple  elafticity.  Does 
not  this  force  fhow  itfelf  plainly  enough  in 
fevers,  faintings  and  paffions  of  the  mind  ? 
But  the  artery,  abftradted  from  its  nerves,  is 
in  a manner  infenfible  and  unirritable. 

REMARK.' 

* This  is  a fuccefiive  contraction  of  the  arterial 
fibres,  like  thofe  of  the  inteftines,  from  the  larger 
to  the  lels  diameter,  or  the  reverfe  ; by  the  firft, 
the  blood  moves  quicker  in  a certain  trunk  to  the 
veins,  as  in  blufhing,  anger,  dec.  by  the  laft, 
it  reverts  back  to  the  heart  in  faintings,  hyfleri- 
cal  fits,  &c.  Hence  come  the  pains,  improperly 
called  flatulent,  which  are  local  cramps  of  the 
artery,  beyond  which  you  will  fcarce  feel  any 
pulfe,  but  before  it  a flrong  one ; whence,  in 
hyfteric,  and  other  nervous  cafes,  you  have  often 
a pulfe  in  one  wrift  and  little  or  none  in  the 
other.  When  violent  in  the  carotids,  it  often 
kills  by  an  apoplexy,  that  is  now  a-days  very 
frequent,  and  in  which  bleeding  avails  little. 
Seizing  the  heart  itfelf,  it  often  kills  luddenly, 
without  leaving  any  apparent  caufe,  upon  dif- 
fedtion.  (V.  Willifii  Cap.  8.  de  apoplexia  obf. 
wit.  in  Theologo).  By  this  periflaltis  motion 
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of  the  arteries,  the  pafTions  quicken,  retard  or 
fupprefs  the  renal,  uterine,  hepatic,  la&iferous, 
falival,  and  other  fecretions  •,  being  a great  key 
to  many  otherwife  unintelligible  fymptoms,  &c. 
See  §.  44  and  553. 

§.  33.  The  fedtions  or  divifions  of  arteries 
fbow  themlelves  with  a round,  light  or  hol- 
low capacity,  becaufe  they  are  elaftic  ; and 
this  is  the  reafon  why,  from  fmall  arteries, 
as  thofe  of  the  teeth,  haemorrhages  are  fomc- 
times  fatal.  The  aorta,  indeed,  of  the  tho- 
rax and  abdomen,  the  carotids  of  the  neck, 
and  fome  other  arteries  of  the  dead  body, 
from  their  leffened  extenfion,  appear  fome- 
what  flat  or  deprefied  ; but  their  round  figure 
or  circular  fedtion  is  every  where  reftored  by 
injection.  Their  elajiicity  is  alfo  evident  in 
that  powerful  compreffure,  which  a fegment 
of  a large  artery  makes  upon  the  finger  that 
diftends  it.  In  the  living  body,  indeed,  this 
force  yields  to  that  of  the  heart,  but  inflantly 
recovers  itfelf,  when  the  heart  is  relaxed, 
and  reflores  the  artery  to  its  former  diameter; 
and  this  makes  the  pulfe,  whofe  full  expli- 
cation ought  to  be  preceded  by  an  hiftory  of 
the  heart : at  prefent,  it  may  fuffice  for  us  to 
fay,  that  all  the  arteries  have  this  puliation, 
although  the  fyftole  and  diftole  thereof  can 
be  perceived  by  the  finger,  only  in  the  larger 
ones,  and  not  in  the  fmaller  ones  naturally ; 
but  by  an  increafed  motion  of  the  blood  even 
the  lefTer  ones  make  a violent  pulfation,  as 
we  fee  in  an  inflammation. 
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§.34.  The  firength  of  the  arteries  is  con- 
siderable enough,  but  as  the  denfe,  hard  net- 
work of  the  outer  cellular  coat  (§.  29.)  re- 
fufes  to  yield  to  a diftending  force,  it  breaks 
without  much  difficulty,  almoft  eafier  than 
the  coats  of  the  veins  j and  from  thence 
aneurifms  often  arife.  But  in  general,  the 
trunks  are,  in  all  parts  of  the  body,  weaker, 
and  the  branches  fironger  in  their  coats ; 
whence  the  impulfe  of  the  blood  may  exert 
a confiderable  effedt  upon  the  former,  but 
lead  of  all  on  thofe  of  the  limbs.  From 
hence  it  is,  that  aneurifms  are  mod  frequent- 
ly formed  near  the  heart ; for  in  the  lower 
extremities,  the  firength  of  the  arteries,  and 
of  the  veins  too,  is  much  increafed. 

§.  35*  With  regard  to  the  courfe  and  gene  - 
neral  dijiribulion  of  the  arteries,  nature  has 
every  where  difpofed  of  them  in  places  of 
the  utmod  fafety,  becaufe  wounds  cannot 
happen  to  the  fmaller  of  them  without  dan- 
ger, nor  to  the  larger  without  lofs  of  life. 
The  fkin  is  fpread  with  numerous  ffiort  and 
fmall  arterial  trunks,  but  the  larger  ones,  de- 
fended by  the  fkin,  creep  along  betwixt  the 
mufcles  and  the  bones  well  guarded. 

§.  36.  In  the  particular  divifion  or  rami - 
ficaiion  of  an  arterial  trunk,  each  branch 
fends  out  fmaller  circles  by  a numerous  fub- 
dividon ; the  laft  extremities  of  which,  you 
will  fcarce  be  able  to  trace.  Here  the  lights 
or  fedtions  of  any  two  branches  taken  toge- 
ther, always  exceed  the  light  of  the  trunk 
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from  whence  they  come,  in  nearly  a fefqui- 
alteral  proportion,  or  as  one  and  a half  to 
one,  or  fomewhat  lefs.  Alfo  every  trunk, 
juft  above  its  bifurkation  or  divifion,  is  fome- 
what broader  or  more  expanded.  The  an- 
gles, at  which  the  branches  go  out  from 
their  trunks,  are  generally  acute,  either  half 
right  angles  or  nearly  fo ; to  the  forming  of 
which  angles,  as  we  fee  in  mechanics,  there 
is  required  the  longed:  projection.  Inftances 
of  their  going  off  at  right  angles,  or  nearly 
fo,  we  have  in  the  lumbal  or  intercoffal  ar- 
teries ; of  their  going  off  in  a retrogade  or 
reflected  courfe,  we  have  one  inftance  in  the 
coronaries  of  the  heart,  and  another  inftance 
in  the  fpinal  arteries,  which  are  produced  by 
the  vertebrals.  But  generally  fpeaking,  thofe, 
which  are  efleemed  retrograde  or  reflexed, 
were  lent  off,  at  their  origin,  in  acute  angles; 
fuch  as  the  afcending  artery  of  the  pharynx, 
the  defcending  one  of  the  palate,  the  umbi- 
lical and  mammary  arteries.  Laflly,  we 
often  obferve  larger  arteries  arifing  under  lef- 
fer  angles,  and  fmaller  arteries  under  greater 
angles : but  it  is  rarely,  that  we  obferve  two 
arteries  of  a larger  diameter  run  together  into 
one  trunk  of  a lefs  ; as  in  the  bafilaris,  form- 
ed out  of  the  vertebral  arteries.  §.  338. 
[In  many  parts  the  arteries  have  repeated  al- 
ternate undulations  or  flexures,  as  they  run 
on  in  a fpiral  courfe,  wherein  we  fee  their 
diameter  often  confiderably  enlarge  ; as  in 
tne  colon,  re&um,  womb,  face,  fpleen,  &c. 
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This,  and  the  divifion  into  branches  larger 
than  the  trunk,  greatly  abates  the  velocity  of 
the  blood  ; as  does  the  largenefs  of  the  angle 
with  the  trunk,  and  the  number  of  undu- 
lations by  which  an  artery,  that  lies  in  a 
fmall  compafs,  may  be  eafily  extended,  to  a 
great  length,  as  in  the  uterus,  &c.] 

§.  37.  The  arteries  are  frequently  con- 
joined one  to  another  by  intermediate  or  ana- 
fiomofmg  branches , in  fuch  a manner,  that 
the  twig  of  fome  certain  artery  fhall  run  to 
meet  one  of  the  fame  kind  frqm  another 
neighbouring  artery,  and  by  joining  together 
with  that  form  one  trunk.  Inflances  of 
this  kind  we  have  many,  among  the  large 
trunks  in  the  inteftines ; among  the  middling 
ones,  in  the  kidneys,  womb,  &c.  and  a- 
mong  the  fmaller,  in  all  parts  of  the  body  j 
infomuch  that  there  is  no  one  part  of  the  hu- 
man body,  wherein  the  neighbouring  ar- 
terial trunks,  whether  of  the  fame,  or  of 
different  denominations,  do  not  form  anafto- 
mofes  or  joinings  one  to  the  other,  by  in- 
termediate, lateral  branches.  Of  fuch  rings 
diverging  laterally  from  the  arteries,  and  re- 
turning again  into  themfelves,  we  have  in- 
ftances  betwixt  the  iris  and  choroides  of  the 
eye.  The  extremities  of  the  arteries,  which 
are  either  cylindrical  or  nearly  fo,  fend  off 
fmaller  branches,  which,  for  their  extent, 
are  more  numerous,  and  generally  difpofed 
like  a net,  fo  that  each  branch,  by  fmaller 
circles,  forms  anaftomofes  with  thofe  of  its 
, D 3 neigh- 


3 3 Of  the  Arteries . 

neighbouring  branches.  And  thus  we  find 
it  in  all  membranes. 

§.  38.  Laftly,  one  of  the  leaft  arteries 
is  either  changed  by  a continuation  of  its 
canal  into  a vein,  in  fuch  a manner,  that 
the  ultimate  little  artery,  which  is  generally 
refle&ed,  having  furpaffed  the  angle  of  its 
reflection,  becomes  now  a fmall  incipient 
vein  j or  elfe,  a branch,  fent  out  at  right 
angles  from  the  artery,  is  inferted  under 
a like  angle  into  the  branch  of  a fmall 
vein.  Both  thefe  kinds  of  mechanical  fa- 
bricature  of  the  fmaller  arteries  with  the 
veins  are  demonftrated  to  us  by  the  micro- 
fcope.  And  thefe  vafcules  we  fee  fometimes 
large  enough  to  receive  only  one,  and  i'ome- 
times  feveral  blood-globules  at  a time.  See 
§.69.  In  the  vifcera , we  find  the  fmall 
arteries  difpofed  not  fo  much  in  net-works, 
as  in  a different  fabricature,  wherein  the 
fmall  branches  defcend  very  thick  or  in  du- 
ffers, parallel  to  the  trunk,  fo  as  to  refemble 
brufh-pencils,  a variety  of  little  trees  or 
bufhes,  fmall  ferpents,  threads,  &c.  accord- 
ing to  the  variety  of  the  parts,  whole  com- 
pofition  they  enter. 

§.39.  Other  arteries  again  pafs  not  into 
veins,  but  into  excretory  dncis,  like  unto  veins, 
which  convey  a humour  different  from  that 
of  the  blood.  This  continuation  of  the  ar- 
teries and  duds  is  fomewhat  more  difficult 
to  difcover  than  the  former,  (§.  38.)  and  is 
generally  not  fo  eafily  defcribed  or  traced  by 
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the  injection  or  liquor  that  is  urged  into 
them. 

§.  40.  Another  termination  of  the  arteries 
is,  by  branching  out  into  pellucid  ones , of 
much  lefs  orders,  which  we  fometimes  ot- 
ferve  to  be  not  only  continuous,  but  true  and 
diredt  trunks  of  the  fanguineous  arteries ; as 
in  the  ophthalmic  artery  of  the  eye,  if  you 
trace  its  branches  into  the  choroides,  then 
into  the  arterial  circle  of  the  uvea,  and 
laftly,  into  the  colourlefs  arteries  of  the  iris, 
vitreous  body,  and  crystalline  lens:  fo  like- 
wife,  in  the  red  branches  of  the  fame  oph- 
thalmic artery  forming  a net- work  in  the 
conjundtiva  tunica,  to  which  is  continued 
the  pellucid,  but  arterial  net-work  of  the 
albuginea  or  fclerotica : the  truth  of  this  ap- 
pears from  inflammations,  from  the  rednefs 
of  parts  caufed  by  warm  vapours,  from 
cupping,  from  artificial  emptying  and  re- 
pletion of  the  arteries,  and  laftly,  to  the 
eye  itfelf  by  the  microfcope  of  Lieberkuhn, 
commonly  called  folar,  applied  to  the  mem- 
branes of  frogs,  by  which  we  fee  the  co- 
lourlefs globules  pafs  out  of  a red  artery,  and 
go  off  into  pellucid  continuous  ones.  The 
uriniferous  dudts  or  tubes  of  the  kidney  are 
thus  continuous  with  the  (anguine  arteries. 
In  this  ftructure  of  the  arterial  extremities, 
we  fee  it  is  no  difficult  matter  to  urge  any 
red  liquor  or  coloured  injedtion  into  the 
fmaller  pellucid  veffels. 
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§.41.  As  for  the  fmall,  lateral,  excretory 
duds,  vve  before  mentioned,  (§.  39.)  which 
feem  to  go  off  as  branches  from  the  fmall  eft 
red  arteries,  and  again  laterally  detach  other 
tfunks ; they  make  a greater  reliftance,  than 
the  former,  to  an  injedion  ; whence  it  be- 
comes more  difficult  to  fill  their  excretory 
vefiels.  And  this  feems  to  be  the  fabric  in 
moft  of  the  fmall  glands  andvifcera,  deftined 
for  fecretions ; where,  with  fome  difficulty, 
we  can  urge  a liquor  from  the  arteries  into 
their  excretory  duds. 

§.  42.  Another  termination  of  the  arte- 
rial extremities,  is,  into  the  exhaling  vejfels  j 
and  this  is  a manner  of  their  ending,  very 
frequently  to  be  obferved  in  all  parts  of  the 
body.  The  whole  external  and  internal 
fkin,  all  membranes  of  the  human  body, 
which  form  any  clofe  cavity,  all  the  ven- 
tricles of  the  brain,  the  anterior  and  pofte- 
rior  chambers  of  the  eyes,  all  the  adipole 
cells  and  pulmonary  veficles,  the  whole  ca- 
vity of  the  noftrils,  phauces,  ftomach  and 
inteftinal  tube,  through  which  the  air  has 
a paffiage,  are  all  of  them  repieniffied  with 
exhaling  arteries  of  this  kind.  Thefe  breathe 
out  a thin,  w'atry  vapour  or  humour,  very 
little  gelatinous,  which  being  condenfed  or 
colleded  together  by  ftanding,  fometimes 
makes  no  inconfiderable  quantity  ; and  par- 
ticularly, by  difeafe  or  death,  they  yield  a 
watry,  but  congealable  lymph,  hardening 
by  heat  or  alcohol.  The  truth  of  this  is 
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eafily  demonftrable,  from  the  watry  fweat 
that  enfues  after  injecting  the  arteries  with 
that  liquor  warm.  In  fome  places,  indeed, 
they  exhale  not  a thin  vapour,  but  blood  it- 
felf,  as  we  fee  in  the  cellular  fabric  of  the 
penis,  urethra,  clitoris,  and  nipple  of  the 
female  bread; ; in  all  which,  the  blood  itfelf 
Is  naturally  poured  out.  Does  not  every  fe- 
cretion,  that  is  made  in  true  glands  or  hol- 
low cryptas,  bear  fome  analogy  to  this  ex- 
haling fabric  ? 

remark. 

Even  the  whole  encephalon  and  nervous  fy- 
ftem  are  a kind  of  cyiindric,  exhaling  vefleis, 
whofe  contents  are,  in  part,  elaftic  globules, 
and  move  the  flowed  of  any  juice  ; in  fome 
.nerves,  by  tubular  attraction  and  arterial  im- 
pulfe,  only  modulated  by  impulflons  of  objects 
one  way,  and  (in  fome)  of  the  mind  the  other 
way  : this  juice,  moving  in  the  organ  imme- 
diately by  continuity,  moves  the  mind,  as  the 
mind  again  thereby  moves  the  organ,  not  by  any 
flux,  but  by  a transfered  motion ; as  when 
10,000  ivory  balls  fill  a tube,  if  you  put  in 
one  more  it  will  inftantly  thruif  out  another  at 
the  oppofite  end. 

§.43.  Whether  or  no,  in  all  parts  of  the 
human  body,  the  pellucid  vefleis,  (§.  40.) 
arifing  from  the  fanguine  ones,  and  carry- 
ing a humour  thinner  than  blood,  again  fend 
out  other  fmaller  vefleis  to  be  fubdivided  into 
ftill  lefler  orders  ? We  feem,  indeed,  not  to 
want  examples  of  this,  in  the  manner  pro- 


42  Of  the  Arteries. 

pofed  to  us  by  the  celebrated  Boerhaave  and 
other  profefTors.  That  the  aqueous  humour 
is  feparated  by  very  fine  vefTels,  generated 
from  the  colourlefs  arteries  of  the  iris,  is, 
indeed,  more  than  probable.  That  the  red 
coloured  vefTels,  in  the  cortical  fubftance  of 
the  encephalon,  feparate  a juice,  pervading 
the  medullary  fubftance,  by  the  intermedia- 
tion of  other  fmaller  vefTels,  we  are  almoft 
certain.  And  the  like  we  are  perfuaded 
from  an  eryfipelas,  or  yellow  inflammation, 
arifing  from  the  yellow  or  ferous  globules, 
impacted  into  fmaller  vefTels. 

§.  44.  It  may  be  then  afked,  if  there  are 
not  yellow  arterious  vefTels  of  a fecond  or- 
der, which  fend  off  lymphatic  ones  of  a 
third  order,  from  whence,  by  degrees,  ftill 
leffer  kinds  of  vefTels  branch  out  ? fuch  a 
fabric  does  not  Teem  agreeable  to  the  very 
eafy  tranfition  that  is  made  by  the  blood, 
mercury  or  wax  into  the  exhaling  and  per- 
spiratory vefTels;  into  the  uriniferous  tubuli, 
with  the  adipofe  and  pulmonary  cells ; nor 
is  it  very  difficult  for  the  blood  to  ftray  into 
the  ladtiferous,  lymphatic  and  lachrymal 
dudta,  whither  it  fhould  Teem  not  able  to 
penetrate,  if  it  went  through  any  other  in- 
termediate vafcular  fyftem,  fmaller  than  the 
blood-globules,  which  make  the  fame  jour- 
ney. Nop-  can  this  fyftem  be  allowed  by 
the  great  impediment  or  retardation  that 
muft  arife  to  the  humours  in  a third,  and 

much 
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much  more  in  a fourth,  and  lefier  orders  of 
veffels. 

REMARK. 

From  what  has  been  faid,  we  fee  the  arteries 
aft  by  a double  force  on  their  contents  ; the  one, 
a dead  automatic  elafticity,  (32.)  the  other,  a vital 
or  mufcular  conftriction  from  the  nerves  in  their 
fabric.  (33.)  The  firft  continues  to  operate  in  the 
dead  animal,  the  latter  only  in  the  living ; and 
that  varioully,  as  to  force  and  celerity  in  dif- 
ferent organs,  or  in  one  and  the  fame  organ  at 
different  times,  in  proportion  as  their  nervous 
fabric  is  more  or  lefs  irritated  by  diftention  or 
acrimony  internally,  or  from  pain,  paffions  or 
nervous  confent  externally.  This  is  the  force 
that  gives  a due  form  and  modulation  to  many 
of  the  fecerned  juices,  and  carries  them  through 
dufts  and  veffels,  which,  after  death,  are  no 
longer  pervious ; and,  although  the  great  fhare 
which  it  has  in  almoft  all  febrile  or  inflamma- 
tory, nervous  and  painful  difeafes,  feems  little 
regarded  by  our  Britilh  phyficians ; yet,  fome 
of  the  greateft  note,  and  particularly  among  the 
Germans,  have  built  their  fyftems  almoft  entire- 
ly hereupon  : thus,  fometimes  Hippocrates  calls 
it  nature,  Helmont  calls  it  his  archeus,  Hoff- 
man and  Sthall  their  convulflve  fpafms ; fo  pro- 
lific of  difeafes. Thefe  are  the  forces  which 

aftuate  all  medicines  fo  as  to  produce  their  va- 
rious effefts,  which  are  always  in  proportion  to 
the  ftate  of  thefe  powers  and  that  of  the  confined 
juices  on  which  they  aft  ; and,  therefore,  never 
exaftly  the  fame  in  two  people,  or  at  two  different 

times. Thefe  powers,  however,  in  fome 

meafure,  antagonize  one  the  other ; for  the 
greater  the  arterial  denfity,  the  lefs  their  ner- 
vous 
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^Vous  irritability  and  the  reverfe.  The  former, 
too  much  increafed,  paves  the  way  to  all  acute, 
inflammatory  and  painful  difeafes  •,  as  the  latter 
does  to  all  flow,  nervous  and  hyflerical  com- 
plaints. This  laft  is  the  door-keeper  to  the  cata- 
menia, whofe  generating  or  material  caufe  is  a 
plethora,  but  the  motive  or  actual  caufe  a fe- 
ver, with  a topical  or  painful  imitation  of  this 
fluice-keeper  in  the  womb,  without  whofe  per- 
miflion,  a plethora  can  never  ifllte  there.  This 
is  the  milk-maker  in  the  breads,  to  which  the 
chyle  affords  matter  to  be  moulded  : milk  and 
chyle  being  very  diftindt  humours,  &c.  we  fee 
the  nervous  fyftem  influences  this  mufcular 
power  of  the  arterial  •,  and  that  again  acts  upon 
the  nervous,  both  as  to  the  fecretions  and  diftri- 
butions.  All  pleaflng  paflions  and  ferffations,  as 
well  as  painful,  uneafy  ones,  varioufly  intend 
or  remit  the  circulation,  by  acting  on  this  muf- 
cular fabric  and  force  of  the  heart  and  arteries. 
All  medicines  in  themfelves  are  dead  tools, 
which  exert  effedts  varying  according  to  the 
ftrength  or  difpofition  of  this  agent,  viz.  the 
elaftic  and  mufcular  iorce  of  the  artery,  in  con- 
jundtion  with  the  denfity  or  laxity  ot  the 
humours,  and  more  or  lefs  fenflbility  of  the 
nerves.  A fpafm  of  this  mufcular  force  of  the 
artery  in  any  emundtory,  caufes  a fuppreflion, 
as  in  the  fkin,  kidneys,  lungs,  womb,  &c.  to  be 
relieved  by  warm  bathing,  vapours,  femicupium, 
opiates,  nervous  and  hyflerical  medicines,  after 
one  fpare  bleeding.  Any  flow  flimulus  acting 
on  this  nervous  and  mufcular  iorce  ot  the  arte- 
ries, caufes  a nervous  atrophe,  w hether  from  pain, 
want  of  mucus,  putrid  or  fcorbutic  acrimony, 
&c.  In  a word,  this  is  a principal  key  to- 
wards underflanding  the  nature  and  cure  of  nu- 
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merons  fymptoms  of  difeafes,  and  the  various 
operations  of  medicines.  See  §.552  and  553. 

Of  the  veins. 

§.  45.  The  veins , in  many  particulars, 
(§.  36.)  referable  the  arteries.  Their  balls 
is  in  the  ventricles  of  the  heart,  and  their 
apices  in  the  extremity  of  each  branch,  thro’ 
ail  parts  of  the  body,  excepting  one  inftance 
in  the  liver.  And,  in  a great  number  of 
parts,  they  run  parallel  with  the  arteries,  one 
by  the  fide  of  the  other.  But  the  veins  dif- 
fer from  the  arteries  in  various  refpedbs,  as 
we  (hall  now  fee. 

§.  46.  The  membranous  fabric  of  the 
veins  is  thin,  every  where  fmooth,  and  very 
difficultly  feparable  into  diftindb  coats  or 
membranes,  in  which  there  are  but  few 
places,  wherein  one  can  demonftrate  mufcu- 
lar  fibres.  Notwithftanding  this  thinnefs  of 
their  fides,  the  veins  are,  in  moll;  parts,  very 
firm,  and  do  not  eafily  burft  with  inflated 
air;  being,  in  mo  lb  inftances,  ftronger  than 
the  arteries,  if  experiments  do  not  deceivq 
us.  But  they  burli  much  more  eafily  in 
living,  than  in  dead  animals,  as  appears 
from  morbid  inftances  in  the  arm,  face,  leg, 
thigh,  &c.  Nor  do  they  fupport  them- 
felves  like  cylinders  after  being  divided,  but 
they  collapfe  together,  fo  as  to  make  their 
light  or  capacity  appear  like  a flit ; except 
they  are  fuftained  and  hindeied  from  coU 
iapfing  thus,  by  fome  ilronger  cellular  fub- 

ibance 
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fiance  placed  round  them,  as  we  fee  in  the 
liver  and  womb.  [They  are  like  the  arte- 
ries, but  flightly-  irritable,  unlefs  the  flimu- 
lus  be  of  the  chemical  or  more  acrid  claflesj 
for,  in  that  cafe,  they  contract  themfelves 
with  a convulfive  force,  greater  in  propor- 
tion than  that  of  the  arteries  themfelves.] 
(§.  32.)  They  have  no  pulfation,  unlefs 
the  venal  channel  is  fomewhere  obflrudted ; 
or  when,  in  dying  people,  the  blood  is 
thrown  back  again  from  the  right  auricle 
into  the  defcending  and  afcending  cava. 

§.  47.  The  veins  are  much  larger  than 

their  correfponding  arteries,  having  the  fquare 

of  their  diameter  often  double  or  triole  that 

1 

of  the  latter,  and,  in  fome  places,  almofl 
quadruple ; as  near  the  emulgents,  and  in 
the  venal  trunks.  They  differ,  likewife, 
from  the  arteries  in  their  courfe  or  divifion  ; 
having  more  numerous  trunks  and  branches: 
for  to  one  artery  in  the  limbs,  we  ufually 
meet  with  two  veins.  The  larger  veins 
are  alfo  branched  in  a more  net-like  dif- 
pofition,  by  forming  more  frequent  anaflo- 
mofes  one  with  another ; for  not  only 
the  fmaller  branches,  but  even  the  larger 
trunks  of  the  veins  are  conjoined  one  to  the 
other  within  its  neighbourhood,  upper  with 
lower,  and  right  with  left,  by  apparent  in- 
lets or  inofculations.  They  affedt  more  than 
arteries  to  run  near  the  furface  of  the  body  ; 
and  through  the  limbs,  neck,  head,  &c. 
run  a Ions:  way  covered  with  little  more 
w ' than 
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than  the  bare  iflkin  ; which  is  a circumflance 
we  very  rarely  obferve  in  arteries : and  for  the 
fame  reafon,  they  often  go  out  in  their 
courfe,  to  a confiderable  diflance  from  the 
arteries.  For,  in  this  cafe,  the  veins  follow 
the  furface  of  the  parts  next  the  fkin,  with- 
out their  correfponding  artery,  which,  in  the 
mean  time,  defcends  to  a confiderable  depth, 
attended,  in  its  courfe,  by  fome  fmaller  ve- 
nal branch.  In  the  fmaller  branches  of  the 
veffels,  where  they  make  net-like  difpofi- 
tions  in  the  membranes,  and  compofe  the 
internal  fabric  of  the  vifcera,  the  veins  and 
arteries  commonly  run  contiguous  one  with 
the  other ; but  here  the  veins  have  generally 
a lefs  ferpentine  or  indebted  courfe. 

§.  48.  The  veins  have  their  origih,  as  we 
faid  before,  (§.  37.)  from  the  terminations 
of  the  arteries.  They  fometimes  arife  by  a 
continuation  from  the  inferted  branches,  or 
from  a reflexion  of  recurved  trunks,  of  the 
fmalleft  arteries.  Others  again  are  either 
continued  from  veins  lefs  than  thofe  which 
carry  blood,  or  elfe  receive  additions  and 
roots  from  them ; as  we  fee,  for  infiance, 
in  the  lymphatic  veins  of  the  thoracic  duff. 
Other  veins,  of  a bibulous  kind,  arife  from 
abforbing  duffs  or  orifices  opening  through 
out  the  whole  extended  furface  of  the  body ; 
as  in  the  chambers  of  the  eyes,  the  cavities  of 
the  inteflines,  bladder,  womb,  bread:,  peri- 
tonaeum, pericardium,  and  ventricles  of  the 
brain.  For  from  thefe  iffue  a watry  fweat, 

by 
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by  inje&ing  the  venal  trunks  with  that  kind 
of  liquor,  which  eafily  refembles  an  ordi- 
nary fweat  throughout  the  whole  human 
body:  hence,  we  meet  with  injedions  of 
water,  fifh-glue  or  oil  diddling  from  the 
vena  portarum  into  the  cavity  of  the  inte- 
dines ; of  which  experiments,  we  fhall 
fpeak  more  largely  hereafter  in  a proper 
place. 

§.49.  Not  much  differing  from  the  for- 
mer, are  tbofe  veins  which,  arifing  in  all 
parts  of  the  cellular  membrane,  or  rather 
fponge-like  fubdance,  return  thin  vapours, 
dropfical  waters,  and  diffolved  fat  again  in- 
to the  mafs  of  blood  j or  which  take  up 
again  and  return  the  blood  itfelf  from  the 
cellular  fabric  of  the  penis,  clitoris,  or  nip- 
ples of  the  breafts  after  the  venereal  ad. 
And  that  inhaling  veins  of  this  kind  open 
into  all  the  glands,  is  highly  probable;  where, 
by  abforbing  the  thinner  humour,  they  leave 
the  remaining  mafs  of  a thicker  confidence ; 
of  which  we  have  indances  in  the  bile, 
fperm,  mucus,  &c. 

§.  50.  That  there  are  pellucid  veins  of  a 
fmaller  clafs,  but  refembling  thofe  which 
convey  blood,  appears  from  the  fame  expe- 
riments, which  demondrate  the  pellucid  arte- 
ries (§.  * o.)  : thus  in  the  iris  of  the  eve,  there 
are  fmall  veins,  and  in  the  adnata  tunica  of 
that  organ,  more  than  a few  trunks,  which, 
in  a healthy  perfon,  are  naturally  pellucid. 
The  larger  of  thefe  veins,  which  come  next 

to 


Of  the  Veins. 


49 


to  thofe  that  carry  blood,  are  much  more 
confpicuous  than  the  arteries  of  the  fame 
kind  j and  are  ufually  called  lymphatic  veffeh ; 
of  which  we  fhall  fpeak  more  at  large, 
when  we  come  to  defcribe  the  ladle  al  veffeh. 

§.51.  Namely,  in  mod:  parts  of  the  hu- 
man body  [but  in  brute  animals  they  are 
more  eafily  and  clearly  difcovered]  are  found 
tranfparent  veins,  often  full  of  a reddifh, 
yellowifh,  and  almoft  pellucid  liquor,  hard- 
ening like*  the  white  of  an  egg  with  a 
boiling  heat  or  alcohol ; which  veins  being 
formed  of  very  thin  coats,  [have,  like  the 
blood-veins,  (§.46.)  a proportionable  degree 
of  irritability,  from  any  chemical  or  very 
acrid  dimulus ; whence  we  infer  them  to  be 
mufcular  or  nervous,  notwithdanding  they 
are  pellucid,  like  the  fibres  of  fifh,  frogs,  &c.] 
have  frequent  valves  or  partitions,  which  make 
them  in  thofe  places  feem  jointed,  or  knot- 
ted like  a reed,  when  they  are  turgid  ; thefe, 
by  degrees,  meeting  together,  either  all  or 
mod  part  of  them,  empty  their  contents 
into  the  thoracic  dudf.  But  all  the  lympha- 
tics, in  their  courfe,  meet  together  in  a pe- 
culiar kind  of  conglobate  glands,  into  which 
they  enter,  and  from  the  fhape  of  veins  be- 
coming arterial  or  like  converging  cones, 
they  divide  into  fmall  branches,  and  then 
proceed  to  meet  together  again  in  other  little 
trunks.  They  are  found  feated  on  all  the 
furfaces  of  the  vifcera,  in  the  thorax  and 
abdomen ; but  are  more  eafilv  ana  clearly 

E ' dif- 
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discovered  in  brutes  : they  run  thro’  the  low- 
er part  of  the  face,  mufcles  of  the  tongue,  the 
adjacent  parts  of  the  neck,  and  thofe  parts 
of  the  upper  limbs,  which  are  neareft  the 
trunk,  as  far  as  the  bending  of  the  elbow  j 
throughout  the  whole  length  of  the  me- 
diastinum, before  and  behind,  and  wherever 
we  find  conglobate  glandules,  either  in  the 
neck  or  thorax  : the  lymphatic  veins  are  alfo 
fpread  through  the  whole  lumbal  region  that 
is  contiguous  to  the  aorta,  the  mefocolon 
and  pelvis,  vefiels  and  furface  of  the  tefticle* 
and  in  the  lower  limbs  wherever  they  are 
fupplied  with  conglobate  glandules.  Whe- 
ther they  extend  further  into  other  parts, 
throughout  the  whole  body,  or  through  the 
brain,  eyes,  hands,  feet,  back,  fore  part  of 
the  peritonaeum,  &c.  remain,  as  yet,  unde- 
termined ; at  leaft,  there  are  not  examples 
enough  in  the  human  body,  upon  which  one 
can  depend  to  evince  the  truth  of  their  exi- 
stence. But  they  are  every  where  to  be 
found  upon  the  Surfaces  of  the  vil'cera,  and 
about  the  larger  blood  vefiels. 

§.  5 '.  The  valves  of  thefe  pellucid  vef- 
fels  are  compofed  of  two  Semilunar,  or  ra- 
ther Semicircular,  projecting  membranes, 
which  give  way  to  the  fluid  that  goes  to- 
wards the  larger  trunks ; fo  that,  by  apply- 
ing themfelves  clofe  to  the  fides  of  the  vef- 
fel,  they  leave  a free  light  or  capacity  thro'" 
it.  But  the  fame  valves,  if  the  contained 
liquor  is  prefied  back  towards  the  Smaller 

branches 
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branches  of  the  veflel,  being  filled  out  there- 
with, fwell  or  expand,  fo.  as  to  (hut  up  the 
light  of  the  canal. 

§.  53.  But  many  valves  of  the  fame  kind 
are  alfo  found  in  great  numbers  ’within  the 
larger  blood-veins.  Thefe,  joined  with  the 
fide  of  the  proceeding  vein,  intercept  a fpace, 
of  which  the  outerfide  is  the  vein  itlelf,  and 
the  inner  the  valve,  which,  by  its  convexity, 
fiands  out  within  the  bore  or  light  of  the 
vein  ; fo  that  the  parabolic  fpace  or  hollow 
mouth  of  the  valves  always  look  towards  the 
heart : they  are  found  in  all  the  fubcuta- 
neous  veins  of  the  limbs,  in  thofe  of  the 
neck,  face,  tongue,  and  in  the  veins  of  the 
penis:  at  the  origin  of  the  larger  branches 
there  are  two,  three,  four,  and  fometimes 
five  of  them  together,  while  in  thei  fmaller 
branches  they  are  only  fingle.  There  are 
none  of  thefe  valves  in  the  deep  running 
veins  of  the  vifcera  ; and,  therefore,  none 
in  thole  of  the  brain,  lungs,  heart  or  liver, 
or  through  the  whole  fyflem  of  the  vena 
portarum,  nor  in  the  kidneys  or  womb  (ex- 
cept one  or  two  valves  in  the  fpermatic  vein)  5 
nor,  laftly,  are  there  any  in  thofe  fmaller 
blood-veins,  which  are  of  a lefs  diameter 
than  the  twelfth  part  of  an  inch.  Whether 
there  are  any  fuch  valves  in  the  vena  azygos 
is  queftioned ; but  I have  not  been  able  to 
find  any.  [Valves  have  been  fometimes, 
though  very  rarely,  found  in  the  vena  azy- 
gos: and  at  the  mouths  of  the  hepatic  and 
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renal  veins : there  I have  feveral  times  obferv- 
ed  a fort  of  wrinkles  in  the  place  of  valves. 

§.  54.  In  the  fmaller  venal  branches  there 
are  a fet  of  long,  fharp-pointed  or  parabo- 
lical valves  of  a more  extended  figure,  as  the 
vein  is  fmaller : and  thefe  make  a greater 
refinance  than  the  larger  valves,  to  hinder 
the  blood  from  returning  back  upon  the 
parts. 

§.  55.  The  common  ufe  or  office  of  thefe 
valves  is,  to  determine  the  preffure  that  is 
given  from  any  quarter  upon  the  veins,  to- 
wards the  heart,  by  allowing  no  opportunity 
to  the  venal  blood,  that  has  once  entered  the 
trunk,  which  they  intercept,  to  flow  back 
to  the  branches.  For  fince  the  coving  fpaces 
of  the  valves  open  upwards  towards  the 
heart,  the  blood  enters  into,  and  expands 
them.  Thus  thofe  parts  of  the  valves, 
which  hand  out  with  a free  motion  within 
the  light  of  the  vein,  approach  each  other 
towards  the  axis,  until  the  oppofite  fides,  by 
meeting  together,  fhut  up  the  tube.  This 
we  know  from  inflations,  ligatures  and  in- 
jections of  the  veins ; for  you  never  can  force 
a liquor  eafily  into  the  veins,  by  urging  it 
againft,  or  contrary  to,  their  valves.  They 
do  not,  indeed,  every  where  fhut  up  the 
whole  cavity  of  the  veins  ; but  where  they 
fhut  not  dole,  they  always  intercept  the 
greateft  part  of  the  light. 

§.  56.  Another  office  of  the  valves  in  the 
veins,  feems  to  be  for  fuftaining  the  weight 

of 


Of  the  Veins.  . 53 

of  the  blood,  that  its  upper  columns  may 
not  gravitate  upon  the  lower;  nor  the  blood, 
flowing  through  the  trunks,  make  too  great 
a refinance  againfl  that  which  follows  it 
through  the  branches.  For  if,  from  the 
flower  return  of  the  blood  into  the  veins,  its 
weight  or  preflure  fhall,  in  any  part,  much 
exceed  the  impulfe,  that  drives  it  on,  fo  as 
to  caufe  fome  part  of  the  column  to  defcend 
by  its  weight ; ’tis,  in  that  cafe,  imme- 
diately catched  and  fuftained  in  its  relapfe 
by  the  next  adjacent  valve,  which  hinders 
it  from  urging  againfl:  the  next  fucceeding 
column,  and  affords  time  and  opportunity 
for  fome  contiguous  mufcle,  by  its  preflure 
or  concuflion,  to  fend  forward  the  faid  co- 
lumn. And  this  is  the  reafon,  why  valves 
are  placed  in  veins  of  the  limbs  and  neck ; 
in  which  parts,  they  are  both  mqre  nume- 
rous and  more  robuft  than  elfewhere.  And 
this  is  the  caufe,  from  whence  varices  or 
herniae  are  formed  in  the  veins,  when  the 
blood,  entering  the  hollow  valves,  urges 
their  folid  convexity  downwards,  and  makes 
the  vein  dilate  in  that  part. 
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LECTURE  IV. 

Of  the  circulation  or  motion  oj  the  blood  through 
the  arteries  and  veins. 

§.  57. r g 'HE  arteries  and  veins,  which 
J we  have  hitherto  defcribed, 
contain  either  blood  or  lymph.  The  red 
blood,  whofe  nature  we  (hall  explain  when 
we  come  to  treat  of  fecretion,  fills  the  arte- 
ries and  veins  by  all  feen,  or  commonly 
known,  which  we  call  thole  of  the  firft  or 
larger  order,  and  which  have  their  origin 
in  the  heart.  Thefe  the  blood  fo  fbls  in  a 
living  perfon,  that,  at  fome  times,  they  are 
very  loofely  and  imperfedtly  diftended  by  it, 
•and,  at  other  times,  they  are  rendered  very 
full  and  turgid.  After  death,  the  veins  are 
found  fuller  of  blood  than  the  arteries;  but 
fometimes,  when  the  perfon  has  been  dead 
a eonfiderable  time,  the  finall  veins  have 
been  found  diftended  with  air.  But  the  ar- 
teries of  a dead  body  commonly  contain  only 
a fmall  quantity  of  blood. 

§.  58.  This  diftending  blood  then,  in  a 
living  perfon,  is  rapidly  moved  through  all 
the  laid  velfels.  The  truth  of  which  is  ae- 
monftrated  to  us  from  wounds,  by  which 
the  patient  foon  expires,  from  the  lofs  of  fo 
much  blood,  as  was  necelfary  to  diflend  and 
move  the  veficls  for  the  maintainance  of 
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life  ; which  lofs  of  blood  happens  almod 
inftantly  from  the  larger  arteries,  and  fome- 
times  very  fuddenly  from  the  fmaller  ones : 
(fee  §.  60.)  but  from  the  veins,  unlefs  they 
are  fome  of  the  larged,  this  lofs  of  blood  is 
more  flow  and  difficult  ; yet,  are  there  not 
wanting  indances  of  fatal  haemorrhages  from 
wounds  of  the  veins,  not  large  as  in  the  inner 
corners  of  the  eyes,  under  the  tongue,  &c. 
In  fhort,  the  experiments  made  upon  living 
animals,  fufficiently  evidence  the  impulfe 
and  rapidity  with  which  the  blood  is  moved, 
particularly  through  the  arteries ; where,  in 
the  larger  trunks,  it  runs  moft  fwiftly,  at 
the  rate  of  149  to  74  feet  in  afecond  ; but, 
in  the  lead;  of  them,  it  runs  above  twenty 
times  flower.  And,  in  the  larger  veins,  where 
it  moves  fo  much  fader  than  in  the  fmaller, 
the  blood’s  celerity  is  lefs  than  in  the  arte- 
rial trunks,  in  the  fame  proportion,  as  the 
lights  or  fedtions  of  the  arteries  are  lefs  than 
thofe  of  the  veins,  i.  e.  twice  or  almod  thrice 
flower.  Another  argument  of  the  circula- 
tion, is  the  compreffiire  and  relaxation  of  a 
vein,  whereby  the  blood  is  promoted  from 
one  valve  to  another. 

§.  59.  This  motion  of  the  blood  is  in 
the  veins  uniform  or  equable  enough  ; but, 
in  the  arteries,  it  is  alternately  greater  when 
that  veffel  is  more  dilated,  and  lefs  when  it  is 
contracted.  [This  is  proved  by  ocular  in- 
fpe&ion  in  living  animals.] 
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§.  60.  That  the  motion  the  blood  de- 
fcribes,  is  a courfe  through  the  fanguineous 
arteries  into  the  veins,  is  difcovered  from  ex- 
perience. For  1 ft.  it  is  certain,  that  all  the 
arteries  and  veins  communicate  or  open  one 
into  the  other ; becaufe  often,  from  one,  and 
that  a fmall  artery,  all  the  blood  fhall  run 
even  until  death,  not  only  out  of  the  wound- 
ed limb,  but  from  the  whole  body.  Of 
fuch  fatal  examples,  we  have  a number  from 
an  inner  artery  of  the  nofe,  from  the  gums, 
a finger,  tooth,  cutaneous  pore  enlarged, 
from  the  lachrymal  point,  from  the  wound 
of  cupping  on  the  fkin,  and  even  the  bite 
of  a leach.  There  are,  therefore,  of  courfe 
open  ways  by  which  the  blood  fpeedily  flows 
from  the  venal,  into  the  arterial  fyftem,  and 
the  reverfe. 

§.  6 1 . That  the  blood  again  in  the  arteries 
flows  from  the  heart  towards  the  extreme 
parts  of  the  body,  is  proved  by  a ligature  in 
the  living  animal.  For  whatever  artery  fhall 
be  flopped  bv  a ligature,  a fwelling  enfues 
in  that  part  betwixt  the  heart  and  the  liga- 
ture, whilft  the  other  part  is  emptied  beyond 
the  ligature,  which  is  the  part  of  the  artery 
more  remote  from  the  heart ; neither  has  it 
there  any  pulfation,  nor  if  it  be  there 
wounded,  will  it  yield  any  blood.  The 
fame  effects  which  we  fee  follow  from  a li- 
gature, are  likewife  often  produced  by  dif- 
eafe ; as  when  fome  tumor,  by  comprefiure, 
or  fome  aneurifm  intercepts  the  motion  from 
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the  heart.  Inftances  of  this  kind  we  have 
feen  in  moft  of  the  confiderable  arteries. 

§.62.  But  for  the  courfe  or  motion  of  the 
venal  blood,  it  has  been  always  more  doubt-? 
ed  of;  almoft  all  the  ancients  have  been 
perfuaded,  that  the  blood  in  the  veins  flowed 
through  them,  either  from  the  heart,  or 
from  the  liver,  to  all  parts  of  the  body. 
Very  few  of  them  have  known,  that  this 
was  an  error.  Several  of  them  have,  in- 
deed, acknowledged  it  to  be  falfe  in  the 
pulmonary  vein  : (§.  107.  ult.)  as  Servetus, 
Columbus,  Valverdus,  Johannes  Langius, 
Lambergius,  Pigafetta,  Arantius,  H.  Con- 
ringius  Mercatus,  Platerus,  Spigelius  and 
C.  HofTmannus,  from  whom  we  man  not 
except  Galen  himfeif.  But  that  the  blood 
did  not  move  from  the  heart  in  the  vena 
cava  was  known  to  flill  fewer  anatomifts  of 
the  ancients ; perhaps,  only  to  Andreas,  Cx- 
falpinus,  and  from  an  extraordinary  accident 
to  Vefaiius,  and  doubtfully  to  H.  Dietericus. 

§.63.  Dr.  William  Harvey  is  the  firfl: 
who  experimentally  aflerted  the  motion  of 
the  blood,  returning  in  the  veins  to  the 
heart,  in  fuch  a manner  as  to  render  the 
whole  intelligible,  and  leave  no  room  to 
doubt  of  it.  And  firfl:,  the  valves  of  the 
veins  (as  he  obferves)  lead  us  to  this  truth ; 
for  all  of  them  readily  tranfmit  wind,  wax, 
or  other  injections  to  pafs  from  the  extreme 
or  remote  part  towards  the  heart ; but  they 
obftinately  refill  giving  any  paflage  to  the 

faid 
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faid^wax  or  flatus,  to  pafs  back  from  the  heart 
towards  the  extreme  parts,  unlefs  you  burft 
or  break  through  them.  The  fame  courfe, 
which  we  fee  the  veins  give  to  wax,  mercury 
or  oil  injected,  muft  of  confequence  be  the 
fame  which,  by  their  adtion,  they  give  to 
the  blood  ; flnce  the  colour  of  the  refluent 
liquid  will  not  make  any  change  in  its  di- 
rection. 

§.  64.  Moreover,  the  valves,  placed  in  the 
right  ventricle  of  the  heart , have  fuch  a fa- 
bric, as  we  fhall  hereafter  fee,  that  they 
freely  permit  blood,  flatus  or  wax  to  pafs 
from  the  venal  trunks  of  the  cava  into  the 
heart,  but  deny  any  paflage  from  the  heart 
again  into  the  veins. 

§.65.  Again  ligature s,  in  a living  perfon, 
may  make  the  thing  more  evident.  When 
the  veins  of  the  limbs  are  tied,  either  by  de- 
flgn  or  accident,  with  the  limb  itfelf  about 
the  hams,  arms,  ancles  or  wrifts,  the  limb 
below  the  ligature  fwells,  the  veins  fill  and 
diftend  themfelves,  fo  that  one  may  eafily 
open  them,  and  they  make  a free  difcharge 
of  blood  : but,  at  the  fame  time,  nothing 
of  this  kind  happens  above  the  ligature,  nor 
are  any  of  the  veins  to  be  feen  there  but  lefs 
confpicuoufly.  The  fame  phsenomenon 
happens  when  the  veins  are  comprefled  by 
fw oiled  and  fchirrhous  glandules  in  the  vif- 
cera  ; and  from  polypus’s  the  veins  are  often 
largely  fwelled,  or  enlarged  into  tumours. 

§.  66.  The 
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§.  66.  The  experiments  to  prove  this 
courfe  of  the  blood,  which  have  been  made 
in  living  animals,  are  ftill  more  accurate. 
From  them  it  appears,  that,  by  tying  any 
vein,  in  a living  animal,  near  the  cava,  or 
belonging  to  the  pulmonary  veins,  that  part 
always  fwells,  which  is  moft  remote  from 
the  heart,  all  below  the  ligature  appearing 
diftended  with  the  retained  blood,  while  a- 
bove  and  next  the  heart  they  are  pale  and 
flaccid.  From  this  principle  it  is,  that  the 
ancients  are  ufed  to  apply  ligatures  to  the 
limbs  in  profufe  haemorrhages,  to  keep  back 
fome  part  of  the  blood,  fufficient  to  fupport 
life,  from  returning  to  the  heart,  which 
would  drive  it  into  the  wounded  arteries. 
Laftly,  if  the  arteries  are  tied  at  the  fame 
time  with  the  veins,  thefe  lafl:  remain  flaccid 
and  empty,  but,  upon  removing  the  liga- 
ture from  the  arteries,  the  veins  are  imme- 
diately filled. 

§.  67.  Another  proof  we  have  in  the 
transfufiom  of  blood,  in  which  all  the  vital 
gore  from  the  arteries  of  one  animal  is  urged 
into  the  veins  of  another  exhaufted  of  blood, 
whereby  the  heart,  arteries,  and  empty  veins 
of  the  latter  become  fo  turgid,  and  well  re- 
plenifhed,  that  they  work  the  whole  ma- 
chine of  the  animal  with  a remarkable  degree 
of  vivacity,  or  even  caufe  it  to  labour  by  a 
plethora.  In  like  manner,  medicinal  liquors , 
injected  into  the  veins,  have  exerted  their 
operations  refpe&ively  5 proving  anodyne,  or 
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inebriating  in  the  brain,  emetic  in  the  do- 
rnach,  purging  in  the  intedines,  or  coagu- 
lating the  blood  through  the  whole  body  ; 
which  is  a plain  argument  they  pafs  with 
their  virtues  fird  to  the  heart,  and  from 
thence  fent  through  the  arteries  to  the  or- 
gans, which  they  affedt. 

§.68.  But  that  the  blood  pafles  from  the 
]eaft  arteries  into  the  lead  veins,  we  are  clearly 
taught  by  anatomical  injection ; where,  by 
one  arterial  trunk,  we  eafily  fill  all  the  arte- 
ries and  veins,  almod  throughout  the  whole 
body ; provided  the  liquor  be  watry  or  very 
fluxile,  fo  as  to  pafs  eafily  in  the  veflels  of 
the  head,  mefentery,  heart  and  lungs. 

§.69.  Ladly,  the  microjcope  has  put  the 
matter  beyond  all  doubt  in  the  pellucid  tails, 
feet,  mefenteries  and  membranous  parts  of 
animals,  where  we  fee,  that  the  blood, 
brought  to  the  extreme  parts  by  the  arteries, 
is  poured  either  into  fmall  veins,  continuous 
with  the  reflexed  artery,  or  elfe  goes  through 
branches  of  the  arterial  trunk  into  the  paral- 
lel communicating  vein,  by  which  it  goes 
on  to  the  parts  neared  the  heart.  This  is 
the  way  in  which  the  blood  pafles  as  well 
into  the  lead  veins,  which  are  capable  of  re- 
ceiving only  one  globule,  as  into  thofe  that 
are  fomewhat  larger,  being  able  to  admit 
two  or  more  globules  to  advance  forward  in 
a bread.  But  that  there  is  no  fpongy  or 
parenchymous  interpofition  betw.ixt  the  ar- 
teries and  veins,  in  the  general  courfe  of  the 
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circulation,  is  proved  both  from  microfcopes 
and  injections.  [For  if  there  were  anyfuch 
parenchyma  or  fpongy  mafs  betwixt  the  ar- 
teries and  veins,  the  hardening  injections 
would  fhow  it,  by  appearing  extravafated  in 
a like  unfhapen  mafs.] 

§.  jo.  The  Harveian  circulation  is,  there- 
fore, now  received  as  a medical  truth  by 
every  one;  namely,  that  all  the  blood  of 
the  human  body  is  carried  through  the  aorta 
from  the  left  cavity  of  the  heart  to  the  ex- 
treme parts  or  converging  ends  of  the  arte- 
rial branches  ; from  whence  the  whole  mafs 
is  again  tranfmitted  into  the  leaft  veins,  which 
convey  it  to  the  larger,  and  from  them  into 
the  cava  and  heart  itfelf  ; in  which  courfe, 
it  perpetually  goes  and  returns  during  life. 

§.71.  Yet  there  are  fome  inftances  where, 
by  paffions  of  the  mind,  a fudden  revulfion 
by  copious  blood-letting,  or  a vafcular  con- 
vulfion,  the  blood  has  been  forced  to  receed 
back  from  the  fmaller  into  the  larger  arteries. 
And  on  the  other  fide,  where  an  obftruCtion 
being  formed  above  the  valves,  the  blood 
has  been  known  to  Aide  back  from  the  venal 
trunks  into  their  fmaller  branches.  But 
then  thefe  accidents  are  very  momentaneous 
or  fudden,  and  the  blood  foon  returns  into 
its  natural  courfe. 

§.  72.  The  courfe  of  the  Humours  in  the 
lymphatic  veins , which  have  valves,  appears 
both  from  the  nature  of  thofe  veins  and  from 
ligatures ; for  evety  lymphatic  vein  tied, 
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fwells  betwixt  the  fmaller  extremities  of  it 
and  the  thoracic  du6t ; but  grows  flaccid  be- 
twixt the  faid  dudt  and  the  ligature.  All 
the  valves  in  thefe,  like  thofe  of  the  blood - 
veins,  give  a free  paflage  for  the  contents  to 
flow  to  the  thoracic  dudt : for  thus  they  ad- 
mit flatus  and  mercury ; but  they  make  a 
refinance,  and  often  an  obflinate  one,  to  any 
return  the  other  way. 

§.  73.  The  vapour st  that  moiflen  the 
whole  cellular  fubflance,  the  fleams  of  the 
abdomen  and  other  venters,  are  all  thus 
drunk  up  by  the  lead  pellucid  veins,  and  fo 
conveyed  along  to  the  blood-veins,  that  their 
contained  juices  may  pafs  on  to  the  heart ; 
and  from  thence  it  is,  that  an  oedema  enfues 
when  a vein  is  comprefled  by  ligature  ; be- 
caufe,  by  intercepting  the  courie  of  the  ab- 
forbing  veins  by  the  ligature,  the  vapours 
flagnate  unabforbed.  In  the  other  fmaller 
veflels,  we  can  make  no  experiments,  but 
they  appear  conformable  to  what  we  have 
faid,  both  by  reafon  and  analogy ; and  are 
like  wife  fupported  by  the  experiments  of 
water  or  other  liquors,  ablorbed  out  of 
the  cavity  of  the  inteilines,  thorax  and 
pulmonary  veflcles. 

§.  74.  All  juices,  therefore,  in  the  hu- 
man body  are  drove  out  of  the  heart  into 
the  aorta  to  the  extreme  Darts,  from  wk  e 

x 

they  are  all  returned  again  to  the  he:  “ 'V 
the  lead:  veins ; thofe  humours  onlv  . 
cepted,  which  are  exhaled  or  dilchargcd 

without 
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without  fide  the  cavities  of  the  body.  But 
to  compleat  this  circle,  it  remains  for  us  to 
find  out  a courfe  for  the  blood,  from  the 
right  to  the  left  cavities  of  the  heart : but 
then  this  pre-fuppofes  and  requires  us  to  be 
firft  acquainted  with  the  hiftory  of  the  heart, 
and  the  pulmonary  veflels. 
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LECTURE  V. 

Of  the  heart . 

§.75.  r | H E fabric  of  the  thorax  is  a 
craticle  of  moveable  bones  and 
cartilages,  which,  in  general,  refembles  a trun- 
cated cone,  as  we  (hall  hereafter  (§278.) 
declare  more  at  large.  The  lateral  parts  of 
this  cone  are  two  membranous  baggs,  ter- 
minated above  by  an  obtufe  end  at  the  firft 
rib,  where  they  lie  very  near  together,  and 
are  diftinguifhed  only  by  the  interpofed  cel- 
lular fubftance.  The  obliquity  of  the  plane, 
dividing  thefe  two  bags,  is  fuch,  that  the 
right  is  much  the  broadeft,  and  adheres  in 
its  defcent  all  along  to  the  whole  middle 
of  the  fternum  ; while  the  left  bag  de- 
fcends,  not  from  the  fternum,  but  from  the 
cartilaginous  ends  of  the  ribs.  The  inner 
central  ftdes  of  thefe  bags,  oppofed  one  a- 
gainft  the  other,  makes  up,  what  anato- 
mifts  have  called,  the  mediajiinum . [But  in 
fcending  the  mediaftinum,  is  remarkably 
inclined  towards  the  left  of  the  fternum.] 
Thefe  bags  have  no  where  any  communica- 
tion one  with  the  other  ; fo  that  the  right 
may  be  opened  or  pierced,  and  the  lungs 
therein  may  be  confumed,  without  injuring 
the  left.  But  the  fimple  denle  membrane, 
which  forms  thefe  bags,  outwardly  invelled 
with  the  cellular  fubftance,  is  called  the 
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Of  the  Heart.  65 

pleura , being  harder  than  the  peritoneum, 
efpecially  where  it  adheres  to  the  back ; but 
is  fomewhat  fofter  in  its  fore  part.  The  ca- 
pacity of  the  mediaftinum,  or  that  interval 
which  lies  betwixt  the  right  and  left  bag 
above,  contains  the  thymus,  and  fome  con- 
globate glandules,  fat,  and  vefiels.  [This 
capacity  of  the  mediaftinum  is  much  broad- 
er above,  yet  not  inconfiderable  below.] 

§.  76.  Below  the  fame  bags  growing 
broader  depart  one  from  the  other,  and  leave 
a capacity  through  the  whole  middle  part  of 
their  extent,  by  which  the  faid  bags  are  di- 
vided one  from  the  other.  And  this  capacity 
is  that  of  the  pericardium  (§.  77.)  following. 
But  the  bags  of  the  pleura  on  each  fide  the 
pericardium,  defcending  both  before  and 
behind  it,  terminate  finally  on  the  dia- 
phragm on  which  their  bafe  is  cut  off  ob- 
liquely, with  a defcent  from  before  backward ; 
fo  that  each  cavity  is  before  fhorter  upwards, 
as  behind  they  defcend  longer  and  lower. 
Within  thefe  bags,  then,  play  the  di- 
latable lungs.  The  back  part,  likewife,  of 
thefe  bags  lying  near  to  each  other,  are  yet 
feparated  by  the  cellular  fubftance,  which 
terminates  in  the  oericardium,  and  includes 
the  aorta,  together  with  the  cefophagus  or 
gula : and  this  we  call  the  poflerior  me-> 
di  aft  mum . 

§.  77.  The  pericardium , or  third  bag, 
which  firft  the  cellular  fubftance,  and  then 
the  conjoined  pleura,  loofely  cover  on  all  Tides, 
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as  an  outer  coat,  does  not,  indeed,  extend 
to  the  fternum,  fmce  the  lungs,  when  di- 
ftended,  cover  the  heart  before,  and  inter- 
pole  -betwixt  the  fternum  and  pericardium  in 
their  lower  part,  and  the  mediaftinum,  gra- 
dually departing  towards  the  left  fide,  forms 
altogether  a narrow  interval  under  the  lower' 
end  of  the  thymus,  clofe  to  which  the  lungs 
meet  on  each  fide ; but,  this  vital  fixa- 
tion you  will  alter  or  corrupt,  unlefs  you  are 
very  careful  in  your  manner  of  opening  the 
thorax.  The  pericardium  has  a broad,  but 
fomewhat  rounding  bafis,  which,  in  younger 
fubjedts,  adheres  more  laxly  to  the  dia- 
phragm; but,  in  adults,  it  grows  thereto 
very  firmly,  by  the  cellular  fubftance  fpread- 
ing  broader  to  the  right,  and  narrower  to- 
wards the  left.  It  is  fomewhat  larger  than 
the  heart,  which,  therefore,  may  move 
freely  therein.  [This  membranous  capfule, 
or  fence  of  the  heart,  was  never  known  to 
be  abient.] 

§.  7 8.  Upwards  the  pericardium  grows 
gradually  fmaller  or  narrower,  ending  above 
the  heart  in  an  obtufe  conical  appendix,  ex- 
tended over  the  coats  of  the  large  blood- 
vefiels  by  ifritfb  cohefion,  almoft  to  the  upper 
edge  of  the  fternum  ; that  is  to  fay,  the  pe- 
ricardium, having  reached  the  eight  large 
trunks  of  the  blood- veflels,  which  come 
out  from  the  heart,  adheres  to  them  in  fuch 
a manner,  as  to  form  cylindrical  productions, 
embracing  each  vefifel  on  ail  fides ; whence 
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it  appears  like  a kind  of  feptum  or  partition, 
betwixt  every  two  neighbouring  vefiels.  But 
this  capfule,  furrounding  the  vefiel  like  a 
fheath,  keeps  its  own  ligamentary  texture 
(§.  80.)  but  for  a fmall  length  ; foon  dege- 
nerating either  into  the  cellular  fabric,  which, 
in  the  lungs,  like  a capfule,  furrounds  and' 
extends  itfelf  along  with  all  the' large  arteries 
and  veins,  or  elfe  it  finally  changes  into  the 
external  membrane  that  covers  the  lungs. 

§.  79.  The  arteries  of  the  pericardium 
are  either  from  thofe  of  the  thymus,  which 
accompany  the  upper  and  lower  phrenic 
nerves,  or  from  the  larger  phrenic  arteries, 
from  the  branches  of  the  mammaries  and 
mediaftinals,  the  bronchial,  cefophageal  and 
pofterior  mediaftinal  arteries.  The  venal 
trunks  of  the  pericardium  have  a like  origi- 
nation, but  appear  with  moll:  evident  anafio- 
mofes  or  openings  from  thofe  of  the  right 
into  the  others  of  the  left  fide.  The  nerves 
of  the  pericardium  are  from  the  fuperficial 
branches  of  the  cardiacs,  (§.  94.). 

§.80.  That  which  makes  the  proper  fub- 
ftance  of  the  pericardium,  isaftrong,  white, 
compadt  membrane,  more  robult  than  the 
aorta  itfelf,  compofed,  at  leaft,  of  two  plates, 
[thefe  plates  are,  from  the  denfity  of  the  cel- 
lular fubftance,  infeparable  by  art ; but  the 
difiinCtion  of  them  appears  plainly  enough 
in  larger  animals,  and  from  the  interpofed 
vefiels]  betwixt  which,  the  nerves  of  the 
heart,  and  ibme  fmall  vefiels,  defcend  ; but, 
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by  the  help  of  the  anatomical  tube,  (where- 
by a membrane,  to  be  divided,  is  tied  or 
ftretched  over  the  bottom,  and  prefied  by  a 
perpendicular  column  of  water)  it  feparates 
into  a great  number  of  plates.  Its  outer  fur- 
face,  being  fpread  with  the  cellular  fub- 
ftance,  gives  it  there  a fomewhat  rough  ap- 
pearance, while  internally  it  appears  fmooth 
or  highly  polifhed,  and  moiftened  on  all 
fades  by  a watry  vapour.  This  vapour, 
which  we  have,  times  without  number,  ob- 
ferved  in  the  living  animal,  compofes  fome, 
though  naturally  a very  fmall  quantity,  of  a 
water  within  the  pericardium ; which  is  of- 
ten a little  reddilh,  and  fubvifcid  or  gelati- 
nous, and,  by  difeafe,  is  fometimes  increafed 
to  an  immenfe  quantity  ; yet  the  exigence 
of  fuch  a water  here,  is  injudicioufly  denied 
by  fome.  The  water  of  the  pericardium  is 
of  a lymphatic  nature,  becaufe,  by  the  heat 
of  fire,  it  hardens  into  a jelly ; and  fron*. 
hence  fmall  fibres  and  a cellular  fubftancc 
(§.  1 6.)  are  often  formed,  joining  the  heart 
to  its  pericardium,  in  inflammatory  difeafes 
of  thefe  parts.  This  liquor  is  feparated  with- 
out any  intermediate  glandules  [or  any  vifi- 
ble  pores]  from  the  fmall  exhaling  arteries  of 
the  U tart,  auricles  and  pericardium  ; as  may 
be  proved  by  a fimilar  tranfudation  of  water, 
or  fifh-glue,  iniedted  into  the  large  arteries. 

§.  8 1.  The  UJe  of  the  pericardium  is, 
to  contain  the  heart,  and  to  fupport  and 

ftrengthen 


Of  the  Heart,  69 

-ftrengthen  it  as  a fulcrum  or  prop,  that,  in 
contraction,  the  fibres  of  the  heart  may  be 
drawn  together  without  diftorting  the  large 
blood-veffels,  and  that  it  may  lefs  fluctuate 
like  a pendulum  every  way,  by  altering  the 
pofition  of  the  body.  Forthefe  reafons,  we 
find  it  in  all  animals  that  have  a true  heart. 
A watry  vapour  here  bedews  the  heart, 
hotter  and— quicker  moved  than  other  parts, 
fo  as  to  hinder  attrition  and  cohefion  betwixt 
it  and  the  pericardium ; but  when  this 
vapour  is  dried  up  or  deficient,  the  pericar- 
dium adheres  either  to  the  whole  furface,  or 
to  fome  one  part  only  of  the  heart. 

§.  82.  The  veins,  which  carry  back  the 
blood  from  the  whole  body  to  the  heart,  if 
we  except  thofe  of  the  lungs,  (wrhich  are 
tranfmiflory  ones)  are  reducible  to  two,  viz. 
the  cava  and  the  porta.  The  cava  is  impro- 
perly named  in  the  fingular  by  anatomifts ; 
fince  it  is  no  where  one  Angle  trunk,  but 
partitioned  obliquely  into  fuperior  and  inferior. 
The  lower  of  the  two  large  veins,  which  is  the 
biggeft  of  them  in  man,  afcends  immediate- 
ly above  the  diaphragm  from  the  right  fide, 
towards  which  it  is  a little  convex  or  gibbous 
to  its  union  with  the  upper  cava,  and  toge- 
ther with  that  in  its  back  part,  forms  a mid- 
dle partition  betwixt  the  right  and  left  finus: 
but  the  left  fide  of  the  venal  tube  degene- 
rates into  the  right  auricle,  whofe  fibres  are 
a continuation  from  thofe  of  the  cava. 
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What  we  have  here  faid  of  the  lower  cava 
is  alfo  true  of  the  upper. 

§,  83.  Thus,  by  the  meeting  of  the  up- 
per and  lower  cava,  a finus  or  cavity  is 
formed  with  a convexity  to  the  right,  and 
inwardly  filled  with  ftrong,  flefhy  fibres, 
detached  betwixt  the  two  fimple  mem- 
branes, and  variouily  interwove.  But  the 
fame  cavity  to  the  left  and  forepart,  dilates 
forwards  into  an  almoft  perpendicularly  ob- 
long or  oval  form,  and  terminates  above 
with  a blind  pointed  end,  which  is  free  from 
adhefion  with  the  heart,  and  lies  incumbent 
on  the  great  artery.  This  cavity  alfo,  like 
the  former,  has  plenty  of  flefhy  fibres  placed 
betwixt  two  very  thin  membranes,  almoft 
in  a parallel  pofition,  and  thefe  form  a kind 
of  arch  extended  from  the  right  to  the  left 
edge  of  the  whole  cavity,  and  round  the  an- 
terior half  cylinder  of  this  cavity  ; and  thefe 
mufcular  arches  are  conne&ed  together  by 
fome  of  the  leaft  fibres.  This  anterior  and 
ftringy  part  of  the  cavity  is  called  the  au- 
ricle but  that  to  the  right  and  pofterior 
part  is  called  the  finus. 

§.  84.  Where  the  lower  cava  opens  into 
the  right  auricle,  from  the  tumid  column  of 
the  left  fide  of  the  foramen  ovale,  arifes  a 
moon-like  membrane,  naturally  compleat 
in  its  figure,  and  from  its  thinnefs  fometimes 
net-like  ; and  this  being  extended  round  the 
lower  edge  of  the  auricle,  grows  thinner  all 
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the  way  as  it  is  incurvated  to  the  right,  but 
does  not  quite  furround  half  of  the  auricu- 
lar circumference,  the  cavity  of  which  it 
ferves  like  a partition  to  divide  from  the 
yena  cava.  This  is,  by  anatomifts,  called 
Eu/lac  bias's  valve.  The  oval  foramen,  we 
fhaii  defcribe  hereafter,  (§.  840.). 

§.  85.  The  blood  of  the  upper  and  lowTer 
cava,  meeting  together  in  this  atrium , or 
porch  of  the  heart,  (§.  83.)  compofed  of 
the  linus  and  auricle,  there  waits  for  the  re- 
laxation of  its  ventricle,  into  which  it  is 
propelled  by  a conftridtion  of  the  mufcular 
threads  of  the  auricle,,  by  drawing  the  ante- 
rior femicylindrical  part  of  the  auricle  into 
a plane  j while,  at  the  fame  time,  they 
bring  the  middle  arch  backward,  to  the  an- 
terior and  pofterior  edge  of  the  beginning  of 
the  heart.  Thus  the  blood  of  both  cavae, 
being  mixed  together  in  the  beginning  of  the 
heart  now  dlincumbered,  is  drove  through 
the  edges  of  the  open  valve,  in  fuch  a 
manner,  as  to  urge  the  tricufpid  valves  of 
the  right  ventricle  clofe  to  the  tides  of  the 
heart.  But  the  blood  is  now  hindered  from 
returning  again  into  the  lower  cava,  both  by 
the  contraction  of  the  auricle,  the  refiftance 
of  the  fucceeding  blood  from  the  abdomen, 
and  of  the  Eujlachian  valve  j and  upwards  it 
is  hindered  from  afcending  both  by  the  mo- 
tion and  weight  of  the  confequent  blood. 

§.86.  The  figure  of  the  heart  itfelf,  in 
fome  meafure,  refembles  half  a cone,  if 
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the  cone  be  fplit  into  two  longitudinally  in 
the  direction  of  its  axis.  ’Tis  almoft  trian- 
gular, only  the  end  of  it  is  obtufe,  and  the 
lower  fide  of  it  is  flattened,  in  proportion  to 
the  diaphragm  on  which  it  lies  incumbent, 
and  is  thereby  fuftained.  But,  in  expiration, 
the  fituation  of  the  heart , with  its  apex  to 
the  left  nipple,  is  fuch,  that  the  convex 
furface  of  the  cone  is  fo  inclined  within 
the  pericardium,  under  the  great  blood- 
veflfels,  as  fuffices  to  place  its  thicker  femi- 
circular  curvature,  which  modern  anatomifts 
call  its  obtufe  margin , directed  to  the  upper 
and  to  the  left  fide  of  the  bread: ; in  its  lower 
and  anterior  part,  the  heart  is  alfo  extenuated 
into  a kind  of  edge,  which  is  called  its  acute 
margin.  This  is  the  general  fituation  of  it 
in  mankind ; but  in  brutes  the  heart,  being 
almofl:  parallel  to  the  larger  axis  of  the  tho- 
rax, its  apex  or  tips  only  extend  to  touch  the 
diaphragm. 

§.87.  The  whole  heart  is  hollow,  having 
its  right  or  anterior  ventricle , communi- 
cating into  the  right  auricle  and  finus,  of  a 
more  bread  and  femicircular  figure,  and  not 
fo  long  as  the  pofterior  left  ventricle  3 and  it 
terminates  in  the  fhorter  tip  of  the  bifurcated 
apex  of  the  heart.  The  mouth  of  this  ven- 
tricle, where  it  opens  into  the  auricle,  is 
elliptical,  and  terminated  by  a white  gluti- 
nous margin,  more  callous  than  tendinous ; 
over  this,  plates  of  mufcular  fibres  are  fpread, 
s«d  fome  fat  lies  outwardly  upon  thefe. 

§.88.  From 
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§.  88.  From  the  faid  callous  margin  is  ex- 
tended within  the  heart,  a membranous  ring, 
formed  by  a reduplication  of  the  internal 
membrane  of  the  auricle,  extended  fo  as  to 
float  within  the  ventricle,  to  which  it  was  be- 
fore continuous.  But  this  fame  ring,  in  that 
part  which  fluctuates  in  the  ventricle,  is  fo 
fplit  or  divided  into  three  unequal  triangular 
portions,  that  you  may,  in  fome  meafure, 
give  them  the  name  of  valves,  and  count 
three  of  them  in  number,  although  they 
are,  in  faCt,  only  continued  parts  from  one 
broader  ring.  Thefe  were,  by  the  ancients, 
named  triglochines  or  tricufpid  valves. 

§.  89.  That  part  of  thefe  valves,  which 
lies  next  to  the  fides  of  the  heart,  is  ftrength- 
ened  by  tendinous  fibres,  which,  meeting 
together  in  their  courfe,  are  inferted  by  very 
ftrong  cords,  partly  into  the  fides  of  the 
heart,  and  partly  into  papillary  or  cylindric 
mufcles,  which  arife  upward  from  the  left 
fide  of  the  right  ventricle  towards  its  right 
fide.  The  largeft  of  thefe  mufcular  columns 
is  that  which  anfwers  to  the  biggefl:  of  the 
valves ; which  is  both  the  uppermoft,  and 
that  which  anfwers  to  the  adjacent  mouth 
of  the  pulmonary  artery.  The  lead:  of 
them  is  the  lowed:,  and  feated  to  the  right 
fide. 

§.  90.  The  ufefulnefs  of  this  valve  is  evi- 
dent enough  ; for  the  right  auricle  being 
contracted,  by  a conftriCtion  of  the  fibres  in 
the  partition  betwixt  the  two  auricles,  the 
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blood  contained  in  the  right  porch  of  the 
heart  (§.  85.)  being  impelled  from  the  cir- 
cumference towards  the  axis,  like  a wedge, 
feparates  the  pendulous  portions  of  the  ring, 
called  tricufpid  valves,  and  prefies  them  to 
the  fides  of  the  heart.  Thus  is  filled  the 
right  ventricle  of  the  heart,  while  the  larged: 
or  upper  mo  ft  of  the  faid  valves  {huts  the 
pulmonary  artery,  left  the  blood,  by  the 
weak  impulfc  of  the  auricle,  fhould  flow 
into  that  artery  ; the  blood  thus  received  and 
confined  within  the  right  ventricle  of  the 
heart,  is,  by  the  ftrong  contra&ion  thereof, 
more  powerfully  expelled  into  the  artery. 

§.91.  The  fenfible  flefh  of  the  heart, 
being  irritated  by  the  quantity  and  weight 
of  this  warm  blood,  is  thereby  follicited  to 
a contraction for  that  the  heart,  being 
irritated,  will  contract  itfelf  in  a perfon 
dying,  or  even  lately  dead,  is  proved  by  in- 
jections of  water,  and  inflations  of  air, 
whereby  the  heart,  then  quiefcent,  is  re- 
called to  its  motion. 

§.92.  The  heart’s  motion  is  performed 
bv  mufcular  fibres , the  originations  of  which, 
in  general,  are,  from  rings  formed  of  the 
cellular  iubftance,  compacted  into  a callous 
ligament,  agreeable  to  the  description  given 
in  §.87.  and  with  which,  all  the  larger 
blood-vefiels,  at  their  opening  into  the  heart, 
are  furrounded.  From  thence  the  fibres, 
which  arife,  defcend  gradually  in  an  oblique 
winding  courfe  towards  the  left  fide,  and 

forward 
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forward  to  the  apex,  in  many  diftindt  plates, 
and  fometimes  a little  traversing  each  other, 
the  innermoft  of  them  being  the  mod:  tranf- 
verfe.  In  the  flat  fide  of  the  heart  (§.  86.) 
there  are  few  fibres,  and  fo  thin,  that  when 
you  have  removed  the  fat,  the  cavity  of  the 
right  ventricle  appears  almort  uncovered. 
That  which  is  called  the  left  ventricle,  is, 
however,  very  firmly  inverted  by  the  fibres ; 
which,  after  furrounding  the  fame  ventricle, 
form  a flight  decuflation  in  the  feptum  cordis 
with  the  fibres  of  the  right  ventricle,  and 
are  interwove  with  them.  Some  of  thefe 
fibres  defcend  into  the  cavities  of  the  ven- 
tricles, and  form  there  the  flefhy  columns 
mentioned  at  §.  89.  Others,  at  the  tip  of 
the  heart,  are  wound  in  a vortical  or  whirling 
pofition,  the  two  horns  ending  by  a rtrong  faf- 
ciculus  or  bunch  in  each  ventricle.  A very 
thin  and  fmooth  membrane  covers  the  ex- 
ternal and  internal  furface  of  thefe  fibres  j 
but  the  external  membrane,  efpecially  where 
’tis  fpread  over  the  coronary  vefiels,  contains 
much  fat  beneath  it.  I have,  for  my  own 
part,  not  been  able  to  diftinguifh  any  thing 
more  particular  in  the  mulcular  fabric  of 
the  heart,  with  any  tolerable  degree  of  evi- 
dence ; becaufe  it  is  the  peculiar  property  of 
the  fibres  in  the  heart,  to  join  together  in 
branchy  appendices  or  heaps,  in  fo  ftridl  u- 
nion,  that  they  cannot  be  feparated  without 
laceration. 
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§.93.  But  there  are  feveral  eminent  ana- 
tomifls,  whofe  ingenuity  and  communica- 
tive freedom  I refpedt,  who  have  reprefented 
and  defcribed  thofe  fibres  difplayed  and  fe- 
parated.  Namely,  the  external  fibres  of  the 
heart,  common  to  both  ventricles,  defcending 
to  the  tip,  and,  then  taking  another  courfe, 
to  infert  themfelves  into  the  feptum  ; others 
again,  at  the  tip,  to  perforate  the  left  ventri- 
cle, and  return,  in  a contrary  courfe,  to  the 
bafis,  along  the  inner  furface  of  the  faid 
ventricle.  But  the  middle  fibres,  betwixt 
the  aforefaid  inner  and  outermofl  ones,  being 
varioufly  inclined  towards  the  bafis,  they 
form  the  feptum.  Which  defcriptions,  as 
they  are  not  much  different  from  my  own 
obfervations,  I fhall  make  no  oppofition  to, 
although  I have  never  been  able  to  fee  this 
difpofition  of  them  fufficiently  manifefl,  and 
am  acquainted  with  great  anatomifls,  who 
have  not  herein  been  more  happy  than  my- 
felf.  [And  others  have  given  us  figures  and 
defcriptions  of  flill  different  orders  of  fibres, 
of  which  the  outermofl:  run  counter  to  the 
innermofl,  while  the  intermediate  are  tranl- 
verfe.] 

§.  94.  Thefe  fibres  of  the  heart,  like  o- 
ther  mufcles,  are  furnifhed  with  nerves  of 
their  own,  very  numerous  and  of  various 
origin.  The  ifirft  and  uppermofl  are  on  the 
left  fide  from  the  ganglion  of  the  intercoflai 
with  the  uppermofl  cervical  nerve,  from 
the  trunk  of  the  intercoflal  nerve  itfelf,  and 
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from  its  middle  ganglion ; on  the  right  fide, 
they  come  almoft  entirely  from  the  middle 
ganglion,  and  not  from  the  uppermoft,  but, 
in  part,  from  the  pharyngseal  branch  of  the 
eighth  pair.  Thefe  nerves  defcend  into  the 
heart,  partly  on  each  fide  the  aorta,  betwixt 
that  veflel  and  the  pericardium,  and  are  di- 
ftributed  all  over  the  furface ; and,  partly, 
having  firft  made  various  fmall  plexuffes,  they 
defcend  betwixt  the  windpipe  and  the  great 
arteries,  which  come  out  from  the  heart ; 
and,  here,  the  right  and  left  cardiac  nerves, 
make  one  or  more  plexuffes,  joining  their  fides, 
from  one  to  the  other;  but  fometimes  they 
remain  diftindt  from  each  other.  From  this 
fame  plexus,  or  plexuffes,  other  nervous 
twigs  pafs  betwixt  the  &orta  and  pulmonary 
artery  to  the  coronary  artery  of  the  heart ; 
others  crofs  the  pulmonary  artery,  and  go 
betwixt  it  and  the  left  auricle  to  the  coronary 
artery  of  the  fame  fide  ; and  others,  finally, 
defcend  behind  the  pulmonary  artery  to  the 
left  finus  and  fiat  furface  of  the  heart.  To 
the  cardiac  plexus,  above  defcribed,  other 
large  nerves  acceed  from  the  fifth  and  lower 
cervicals,  and  fometimes  from  the  phrenic 
nerve,  and  from  a ganglion  of  the  loweft 
cervical  with  the  intercoftal,  to  which  join 
large  roots  from  the  loweft  cervical  nerves. 
The  laft  defcribed  nerves,  which  are  larger, 
fofter,  and  more  tranfverfely  difpofed,  mix 
themfelves  with  the  foregoing  plexus.  Laft" 
ly,.  there  are  fome  fmall  branches,  uncertain 


7 B 0/  Heart. 

as  to  courfe  and  number,  which  join  the 
cardiac  plexus  from  the  recurrent  and  eight 
pair  of  nerves,  and  making  various  inofcu- 
lations  with  the  Intercoftals,  are  confounded 
or  loft  among  thofe  of  the  eighth  pair.  As 
for  thofe  nerves,  which  fome  eminent  ana- 
tomifts  have  feen  afcending  from  the  great 
abdominal  plexus  to  the  heart,  through  the 
foramen  of  the  vena  cava,  I have  never  been 
able  to  find  fuch  ; although  it  is  eafy  enough 
to  difcover  the  diaphragmatics  in  that  place, 
having  ganglions  peculiar  to  themfelves,  of 
which  thofe  anatomifts'  make  no  mention. 

§.  95.  That  thefe  nerves  conduce  power- 
fully to  move  the  heart,  is  evident  from  the 
common  nature  of  mufcles,  and  from  the 
increafe  which  follows  in  the  heart’s  motion, 
by  irritating  the  eighth  pair  of  nerves,  either 
at  the  brain,  or  the  fpinal  medulla ; and 
from  the  languors  that  enfue  upon  tying  thofe 
nerves,  which  proves  fatal,  either  fuddenly 
or  within  a few  days,  even  though  you  hap- 
pen to  make  the  ligature  on  but  a few  cf  the 
nerves  that  come  to  the  heart ; for  the  inter- 
coftal,  and  efpecially  thofe  from  the  ganglion 
of  the  upper  thoracic,  cannot  be  tied. 

§.  96  But  that  there  are  ftill  other  caufes, 
befides  that  of  the  nerves,  conducing  to  the 
motion  of  the  heart,  we  are  perluaded  from 
the  permanent  motion  it  exerts,  while  moift  in 
difll-dted  animals,  which  have  it  of  a like  make 
with  man,  as  in  the  dog,  in  which  we  have 
obferved  it  for  many  hours  ; and  in  animals, 

5 having 
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having  only  one  ventricle,  the  motion  lads 
much  longer,  even  after  the  heart  is  cut  out 
from  all  the  nerves  that  fupply  it  with  any 
influx.  However  thefe  caufes  may  be,  all 
our  experiments  agree  in  this,  that  the  quief- 
cent  heart,  irritated  by  heat,  cold,  vapours, 
poifons,  and  efpecially  the  force  of  impelled 
flatus,  watry  liquors,  wax  or  blood,  imme- 
diately contra&s  itfelf,  by  putting  all  its  fi- 
bres into  a rapid  motion,  with  a confiderable 
drength,  which  terminates  in  an  entire  eva- 
cuation of  the  heart,  [by  a force  fometimes 
common  throughout  the  whole  heart,  and 
fometimes  affeCting  only  a particular  part  of 

k'] 

§.  97.  ’Tis,  therefore,  evident,  that  the 
heart,  ftimulated  by  the  impulfe  of  the  venal 
blood,  without  other  affiftance,  contracts  it- 
felf. And  that  this  contraction  is  convulfive, 
made  with  great  celerity,  and  a manifeft 
corrugation  of  the  fibres ; whereby  the  whole 
heart  becomes  (hotter,  [therefore,  thofe 
learned  gentlemen  mud  have  been  led  into 
a midake,  who  aflfert,  that  the  heart  becomes 
elongated  in  its  contraction ] thicker  and 
harder,  fo  that  the  apex  or  tip  advances  to- 
wards the  balls ; which,  in  living  brutes 
dideCted,  I have  often,  with  the  greated 
evidence,  oblerved.  But  the  heart  does  not 
appear  to  turn  pale  in  this  aCtion,  in  fuch 
animals  as  have  a warm  blood  •,  although  the 
mufcular  fides  of  the  heart,  at  the  fame 
time,  fwell  inwardly,  and  make  a compref- 

fure 
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fure  on  the  blood,  like  that  which  we  feel 
upon  the  finger,  when  thruft  into  the  con- 
trading  heart.  But  that  the  heart  is  confi- 
derably  enough  emptied  in  this  adion,  ap- 
pears from  the  internal  furface  being  full  of 
eminences,  which  exadly  anfwer  to  oppofite 
cavities,  and  to  the  thick  reticular  arms  or 
columns  interrupted  by  finufies.  Finally, 
the  apex  of  the  heart,  being  contraded  a 
little  like  a hook,  flrikes  againft  that  part  of 
the  pericardium  next  the  thorax.  (§.  86.) 
[Forwards,  there  is  alfo  a pulfation  from 
the  left  venal  finus,  which  is,  at  that  time, 
particularly  filled.  In  expiration,  the  heart 
flrikes  violently  more  upwards  and  forwards. 
The  truth  of  both  thefe  we  know  by  ex- 
perience, from  the  touch.] 

§.  98.  The  blood,  which  is  prefled  by 
the  contraded  heart,  endeavours  to  efcape  in 
all  diredions ; but  being  drove  from  the 
mufcular  fides,  towards  the  axis  of  the  ven- 
tricle, by  the  readion  of  what  is  lodged  be- 
twixt the  venal  ring  (§.  88.)  and  fides  of  the 
heart,  the  loofer  ends  of  the  faid  ring  are  driven 
forwards,  and  extended  inward  at  the  fame 
time.  By  this  adion,  upon  the  whole  circum- 
ferenceof  thering,  itnot  only  becomes  extend- 
ed itfelf,  but,  at  the  fame  time,  throws  back  a 
part  of  that  blood  into  the  right  auricle,  which 
had  before  defcended  into  the  cone  of  the 
open  valve,  vvhofe  fides,  now  approaching, 
fhut  up  the  venal  orifice,  more  clofely  as  the 
heart  contrads  more  ftrongly,  by  whole 
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force  the  tricufpid  valves,  as  they  are  called, 
would  be  prefled  reduplicated  into  the  auricle. 
If  the  mufcular  nipples  or  columns  did  not 
keep  down  their  edges,  and  hold  them  firmly 
by  their  contraction  (which  is  the  fame  with 
that  of  the  heart)  in  fuch  a flhape,  as  will 
extend  the  annexed  chords  of  the  valve,  with- 
out injuring  them.  [After  expelling  its  con- 
tents, the  heart  becomes  quiefcent,  merely 
from  the  abfence  of  a flimulus.  For  that 
the  fibres  can  be  able  to  dilate  themfelves,  is 
contradicted  by  infpeCtion,  which  allures  us 
all  the  fibres  of  the  heart  exert  their  con- 
traction at  one  and  the  fame  inftant  j and  is 
no  lefs  repugnant  to  reafon,  which  plainly 
fhows  us,  that  the  tranfverfe  firings  and  fi- 
bres of  the  heart  cannot  aCt  alone  without 
the  afliftance  of  the  reft.] 

§.  99.  But  the  nifus  of  the  remaining 
blood  in  the  ventricle,  now  refilled  by  the 
tricufpids,  feeks  another  courfe  ; and,  whilft 
it  derives  the  larger  of  thofe  valves,  that  is 
feated  to  the  right,  (§.  89.)  from  the  fide 
towards  the  axis  of  the  heart,  this  leaves 
open  the  mouth  of  the  pulmonary  artery, 
which  it  before  covered ; whereupon  the 
blood  enters  there,  and,  by  prefling  the  valves 
in  the  mouth  of  the  faid  artery  clofe  to  its 
fides,  it  becomes  thus  filled  and  dilated  by 
the  blood  driven  into  the  lungs. 

§.  ico.  Todefcribe  this  more  particularly, 
from  the  upper  and  pofterior  part  of  the 
right  ventricle,  a way  leads  into  the  pulmor 
G jtary 
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nary  artery , which  is  ftrongly  connected  to 
the  heart  by  a cellulous,  callous  ring,  from 
whence  the  pulmonary  artery  afcends  to  the 
right  backward,  and  difplays  itfelf  behind 
the  arch  of  the  aorta.  The  ftrength  of  this 
artery  is  not  extraordinary,  being  much 
weaker  than  that  of  the  aorta.  But  from 
the  inner  furface  of  the  artery,  where  it  is 
joined  to  the  heart,  three  femilunar  valves  a- 
rife,  by  a reduplication  of  the  arterial  mem- 
branes extended  upwards  and  towards  the 
axis,  in  an  arch  that  is  flat  or  obtufe  enough; 
and  thefe  valves  always  flu&uate  with  their 
edges  at  free  liberty,  in  a parabolical  thape. 
The  middle  of  the  edges,  in  each  of  thefe 
valves,  is  generally  divided  by  a fmall,  denfe, 
callous  body  of  a conical  ihape,  but  made 
up  of  inclined  planes,  whereby  each  whole 
valve,  in  itfelf  refembling  an  half  moon,  is 
thereby  again  fubdivided  into  two  lefs  half 
moons.  Betwixt  the  two  membranes  of  the 
valve  appear  fome  mufcular  or  tendinous  fi- 
bres, partly  in  a tranfverfe  pofition,  fome  of 
which  hold  fad  the  valve  to  the  next  conti- 
guous fide  of  the  heart,  leaving  fometimes 
fpaces  betwixt  them  in  a reticular  manner. 
Other  fibres  afcend  from  the  bafis  of  the 
valve,  and,  by  growing  to  the  callous  cor- 
pufcle,  draw  back  the  faid  valve,  and  open 
its  concavity. 

§.  ioi.  Each  of  thefe  valves,  in  conjunc- 
tion with  the  fides  of  the  artery  here 'diverg- 
ing, intercept  a lpace,  which  is  blind  or  im- 
pervious 
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pervious  downward,  but  open  upward  in  a 
parabolical  Ihape,  as  we  obferved  of  the 
valves  in  the  veins.  (§.  53.)  When,  there- 
fore, the  blood  is  impelled  from  the  fides 
towards  the  axis  of  the  contracting  heart,  it 
endeavours  to  efcape  in  the  direction  of  the 
faid  axis,  and,  by  rufhing  forth,  like  a 
wedge,  betwixt  the  valves,  prefles  their  loofe 
fail-like  edges  againft  the  fides  of  the  pul- 
monary artery,  fo  as  run  freely  out  of  the 
heart.  The  truth  of  this  appears  from  the 
plain  fabric,  from  injections,  and  from  li- 
gatures. 

§.  102.  The  blood  now  received  into  the 
pulmonary  artery,  goes  on  then  to  make  its 
circulation  through  the  lungs.  That  artery 
is  firft  divided  into  two  branches,  of  which 
the  left,  being  lefs  and  Ihorter,  enters  di- 
re&ly  into  the  fubftance  of  the  lungs ; but 
the  right  branch,  being  larger  and  longer, 
palfes  tranfverfely  through  the  arch  of  the 
aorta,  and  after  going  a little  way  behind  the 
faid  aorta,  enters  the  correfponding  lungs  of 
the  fame  fide.  From  each  of  thefe  branches, 
by  a multiplied  fubdivifion,  arife  the  very  lead: 
arteries,  fome  of  which  tranfmit  the  blood 
diredtly  into  the  continued  Imall  veins,  and 
others  exhale  part  of  its  aqueous  juices  into 
the  pulmonary  cells.  That  the  blood  goes 
thus  diredtly  from  the  arteries  into  the  pul- 
monary veins,  appears  evidently  from  their 
ftru&ure;  alfo  from  a ligature,  which,  inter- 
cepting th$ blood’s  courfe,  while  the  heart  and 
G 2 lungs 
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lungs  ftill  urge  it,  caufes  an  aneurifmatic  di- 
latation of  the  artery  ; and  from  polypufles, 
by  which  the  mouth  of  the  pulmonary  ar- 
tery being  obftruCted,  the  right  cavities  of 
the  heart  become  monftroufly  enlarged,  and 
at  length  burft,  while  the  left  remain  empty. 
Laftly,  from  injections ; for  water,  fifh-glue, 
and  milk,  are  very  eafily  forced  from  the  pul- 
monary artery  into  the  vein,  and  from  thence 
into  the  left  cavity  of  the  heart.  But  the 
direCt  anaftomofes,  or  final  openings  of  the 
arteries  into  the  veins  in  the  lungs,  is  proved 
even  to  the  fight  by  the  microfcope,  in 
frogs,  &c. 

§.  103.  Nor  can  the  blood,  which  has 
once  entered  the  pulmonary  artery,  return 
back  again  upon  the  heart ; becaufe  the  valves 
therein  (§.  100.)  are  of  fuch  dimenfions, 
that,  when  diftended,  they  perfectly  fhut  up 
the  opening  at  the  heart,  and  are  fo  ftrong, 
that  they  refift  a much  greater  force  than  the. 
contraction  of  the  pulmonary  artery,  with- 
out being  conftrained  to  yield.  However, 
fometimes,  from  a greater  contractile  force 
of  the  artery,  they  grow  callous,  or,  from 
a laceration  of  their  outer  membrane,  a bony 
matter  is  poured  in  betwixt  the  duplicature 
of  the  valves.  For  when  the  blood,  by 
contraction  of  the  artery,  returns  towards  the 
heart,  it  meets  and  enters  the  open  fail-like 
concavities  of  the  valves,  (§.  10 1.)  which 
are,  by  that  means,  expanded  and  drove  to- 
gether towards  an  axis  in  the  middle,  whence 
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the  valves,  once  expanded,  quite  fhut  up  the 
mouth  of  the  artery,  fo  as  to  leave  not  the 
leaft  flit  open ; for  any  opening,  that  might 
be  left,  is  precluded  by  the  fmall  callous 
bodies,  remarked  at  §,  100. 

§.  104.  The  pulmonary  veins,  of  which 
we  fhall  fay  more  herafter  (§.  272.)  ga- 
ther into  larger  branches,  which,  at  laft, 
terminate  in  four  (feldom  two)  trunks  ; to 
which,  it  has  been  cuftomary  to  affix  a 
name  in  the  lingular,  by  calling  them  the 
pulmonary  vein.  Thefe  enter  the  cavity  of 
the  pericardium,  from  whence  they  receive 
an  external  covering,  and  are  then  inferted 
at  angles  into  the  fquare,  left  or  pofierior 
finus,  which  is  fometimes,  likewife,  called 
the  pulmonary  finus.  In  this  courfe,  the 
upper  veins  defcend,  as  the  lower  ones  a- 
fcend.  But  that  thefe  veins  bring  their 
blood  towards  the  heart,  in  the  fame  direc- 
tion with  the  finus,  into  which  they  open, 
is  proved  by  a ligature,  which  caufes  a tur- 
gefcence  or  fwelling,  from  the  blood  retained, 
betwixt  the  ligature  and  the  lungs. 

§.  105.  This  pulmonary  finus,  being  firm- 
ly built  of  divers  bundles  of  fibres  running 
betwixt  two  membranes,  has  forward,  and 
to  the  right,  one  fingle  fide  or  partition,  in 
common  to  itfelf  and  the  right  finus  (§.  82.) ; 
but  forward,  and  to  the  left  fide,  it  goes 
into  a conical  appendix,  which  is  divided 
into  proceffes,  or  indentations,  like  a cock’s 
comb,  and,  after  two  or  three  ferpentine 
G 3 turnings. 
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turnings,  makes,  what  is  called,  the  left  au- 
ricle, incumbent  on  the  left  ventricle.  This 
finus,  with  the  left  auricle,  are  fomewhat  lefs 
than  the  right  finus  and  auricle. 

§.  106.  In  this  left  linus  the  blood  waits 
for  the  heart’s  relaxation,  at  which  time  the 
nifus  of  the  blood,  impelled  again  ft  the  ve- 
nal valves,  and  the  contracting  ftronger  force 
of  the  finus,  grow  lefs.  Then  the  linos, 
together  with  its  fmall  auricle,  being  con- 
tracted, the  blood  is,  by  their  means,  drove 
into  the  left  ventricle,  in  like  manner,  as  the 
right  auricle  impelled  its  blood  into  the  right 
ventricle.  (§.  90.)  For  here,  as  before,  a 
like  membranous  oval  ring  forms  produc- 
tions called  mitral  valves,  of  which  there 
are  ufually  two  only  counted.  Thefe  valves 
are  longer  and  ftronger  than  thofe  of  the 
right  ventricle.  They  have  each  a mufcu- 
lar  column,  often  fingle  only,  and  joined 
to  the  tendinous  threads  of  each  valve ; but 
they  are  much  ftronger  than  thofe  of  the  tri- 
cufpids  (§.  89.).  And  here  callous  knots  or 
cartilaginous  humours  are  often  found  in  the 
tendinous  firings,  at  their  originations  from 
the  membranous  ring. 

§.  107.  From  what  has  been  faid  then, 
it  appears,  that  the  fame  blood  is  now  arrived 
into  the  left  ventricle  of  the  heart,  which 
was  a little  before  fent  from  the  venae  cavae 
into  the  right  auricle,  (§.  85.)  which  drove 
it  into  the  correfponding  or  right  ventricle, 
(§.  90.)  by  which  again  it  was  urged  into 
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the  pulmonary  artery,  (§.  100.)  and  from 
thence,  paffing  into  the  pulmonary  veins, 
was  conveyed  into  the  left  finus  (§.  104.) ; 
and  out  of  this,  we  here  find  it  driven  into 
the  left  ventricle.  (§.  106.)  This  courfe  of 
the  blood,  from  one  fide  of  the  heart  to  the 
other,  through  the  lungs,  is  called  the  pul- 
monary or  leffer  circulation,  and  was  known 
to  many  of  the  ancients,  before  mentioned 
in  §.  62. 

§.  108.  The  left,  or  pofterior  and  upper 
1 ventricle  of  the  heart,  makes  up  that  part  of 
its  half-cone-like  body,  which  we  before 
galled  obtufe,  (§.  86.).  ’Tis  fomewhat  nar- 
rower than  the  right  ventricle,  a little  longer, 
rounder,  and  generally  of  a lefs  capacity 
within.  For  the  contents  of  this  ventricle 
are  about  two  ounces,  while  thofe  of  the 
right  advance  up  to  three.  Its  fabric  inter- 
nally is  reticular,  as  in  the  right  ventricle  j 
but  its  force  is  confiderably  greater,  as  the 
mufcular  flefli  that  furrounds  it,  is  much 
thicker  and  ftronger. 

§.  109.  Again,  this  left  ventricle,  being 
inftigated  to  motion  by  the  impelled  blood, 
does,  from  the  fame  irritable  nature  before 
mentioned,  (§.  87.)  contract  and  drive  its 
contained  blood  with  a violent  motion  in  the 
direction  of  its  axis,  and  determine  it  to- 
wards the  bafis,  at  the  time  when  the  tip 
or  cone  of  the  heart  is  drawn  nearer  to  its 
bafis.  And  fince  the  apparatus  of  the  mitral 
valves  is  here  the  fame,  as  before  in  the  tri- 
G 4 cufpids, 
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cufpids,  (88,  89,)  the  venal  blood  now  ex- 
panding the  ring  from  whence  they  arife, 
removes  that  valve  which  lay  againft  the 
moutlr  of  the  aorta,  fo  as  to  open  a way 
for  itfelf  to  the  artery,  in  dilating  the  mouth 
of  which,  the  faid  blood  preffes  the  femi- 
lunar  valves,  there  placed,  againft  the  fides 
of  the  aorta,  into  which  it  nifties  with  a 
violent  impetus. 

§.  110.  The  femilunar  valves  of  the  aorta 
differ  little  from  thofe  in  the  pulmonary  ar- 
tery, (§.  100.)  only  as  the  opening  is  here 
greater,  fo  the  valves  are  proportionably 
larger  and  ftronger,  and  are  not  fo  often 
diftinguifhed  in  the  middle  by  thofe  callous 
globules,  or  little  round  bodies.  (§.  100.) 
The  fibres  too  of  the  valves,  both  tranfverfe 
and  afcending,  are  here  fomewhat  more  con- 
fpicuous. 

§.  111.  But  we  muft  now  confider,  that  thefe 
motions  of  the  right  and  left  auricle,  with 
the  right  and  left  ventricle,  are  not  perform- 
ed in  that  fuccefilon,  in  which,  for  the  fake 
of  method,  we  have  here  defcribed  them  j 
for  both  the  auricles  are  contracted,  while 
the  ventricles  are  relaxed : fo  that  the  con- 
traction of  the  auricles  precedes  the  contrac- 
tion of  the  ventricles ; as  we  are  affured  from 
manifeft  experiments,  on  dying  animals,  and 
on  thofe  whofe living  blood  is  cold.  But  both 
auricles  are  filled  together  in  the  firft  inftant 
as  both  of  them  are  emptied  together  in  the 
fecpnd  inftant  5 and  both  the  ventricles  are 

con- 
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contracted  together  in  the  third  inftant,  which 
is  the  fame  with  the  firft ; and  both  ven- 
tricles, being  evacuated,  are  relaxed  in  the 
fourth  inftant,  which  is  the  fame  with  the 
fecond.  Thofe  who  have  miftakenly  taught 
otherwife,  have  not  taken  the  advantage  of 
making  a fufficient  number  of  experiments 
on  living  animals.  That  the  auricle,  near 
death,  makes  frequent  palpitations,  before 
the  ventricle  of  the  heart  performs  one  con- 
traction, is  true  enough. 

§.  1 1 2.  But  it  may  be  afked,  why  the 
heart  never  ceafes  from  its  perpetual  motion , 
through  fuch  a number  of  years  as  there  are 
in  one’s  life,  through  fo  many  days  as  there 
are  in  a year,  and  through  fo  many  hours  as 
there  are  in  a day,  when,  in  each  hour,  the 
heart  of  a healthy  perfon  contracts  not  much 
lefs  than  5000  times  ; fo  often  are  there  fuc- 
ceflive  repletions  followed  with  new  con- 
tractions, perpetually  in  the  fame  conftant  or- 
der, [Nor  is  there  any  other  mufcle,  befides 
the  heart  and  diaphragm,  but  what  becomes 
tired  and  painful,  by  aCting  inceffantly-,-even 
for  a few  hours.]  Different  anfwers  have 
been  given  to  this  queftion  by  different  pro- 
feflors,  founded  either  upon  a comprefliire  of 
the  cardiac  nerves  betwixt  the  large  arteries, 
or  upon  an  alternate  repletion  of  the  coronary 
arteries,  and  cavities  of  the  heart,  &c. 

§.  1 13.  But  to  me  the  fimplidty  of  na- 
ture feems  very  great  in  this  matter.  When 
the  auricle  is  relaxed,  it  is  direCtly  filled  by 
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the  mufcular  force  of  the  continuous  great 
vein  i and  fo  the  heart  alfo  contracts  itfelf, 
when,  in  like  manner,  it  is  irritated  by  the 
blood  driven  into  it  from  the  auricle*.  There- 
fore, the  heart,  having  once  received  the 
blood,  is  contracted  by  that  fiimulus  or  irri- 
table force,  whereby  mufcular  fibres  are  ex- 
cited into  contraction  ; whereupon  it  empties 
itfelf  of  the  blood,  and,  being  freed  from 
the  fiimulus  thereof,  immediately  refts  or 
relaxes  itfelf.  But  the  heart  being  now  re- 
laxed, the  auricle  is  in  like  manner  irritated 
by  its  contained  blood,  and  by  contracting  fills 
it  again  j while  the  inceffant  aCtions  of  the 
heart  and  arteries  continually  urge  new  blood 
into  the  right  finus  and  auricle.  [The  mo- 
tion afcribed  to  the  vena  cava,  is,  from  the 
right  auricle,  throwing  back  fome  blood  again 
into  the  upper  and  lower  cava,  becaufe  the 
now  dying  heart  will  not  receive  it  all.]  That 
this  is  the  true  flate  of  the  heart’s  motions, 
is  proved  from  aCtual  experiment  or  obferva- 
tion,  whereby  we  plainly  difcern  the  fuccef- 
five  repletions  and  conflriClions  made  in  the 

* Conformable  to  our  author’s  fyftem,  was 
that  of  the  ingenious  Mr.  Cowper,  who  allotted 
to  the  blood  the  office  of  a pondus,  inflrumen- 
tal  of  the  conflriclion,  or  violent  flate  of  the 
heart  *,  from  whence  (according  to  him)  it  fpon- 
taneoufly  returned  to  its  natural  flate  of  dilata- 
tion : though  this  is  erroneoufly  oppofed  by  his 
friend  Dr.  Drake.  Anat,  Vol.  II.  Edit.  i. 
?■  4 °3* 
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great  vein,  auricle,  ventricle,  and  artery,  ea- 
sily feen  in  a weak  or  expiring  animal,  but 
more  efpecially,  and  more  evidently  in  thofe 
animals  which  have  but  one  ventricle  in  the 
heart,  as  the  tortoife,  frog,  fnake,  fifhes, 
and  in  the  chick  hatching  in  the  egg,  which, 
inflead  of  a heart,  has  only  one  crooked 
canal.  The  fame  is  alfo  confirmed  from  the 
refling  of  the  heart,  which  follows  upon 
tying  the  veins,  and  from  the  return  of  its 
motion,  by  removing  the  ligatures,  or  by  the 
impulfe  of  wind  or  liquors  injected  j and 
laftly,  from  the  perpetual  contraction  of  a 
frog’s  heart,  round  or  upon  a vehicle  of  air 
inflating  it,  which  air  urged  into  it  by  the 
veficle,  it  will  alternately  receive,  and  for 
many  hours  tranfmit,  into  the  common  air. 
Hence  it  appears,  why  the  auricles,  and  ef- 
pecially the  right,  are  the  laft  of  all  mov- 
ing, if  you  except  the  next  continuous  part 
of  the  vena  cava ; becaufe  the  heart  is  irrita- 
ted into  motion,  by  the  blood  fent  towards 
it,  by  a contraction  of  the  extreme  parts 
from  the  cold  invading  the  body,  at  which 
time,  the  lungs,  deflitute  of  the  aCt  of  re- 
fpiration,  refill  the  blood  of  the  right  ven- 
tricle j but  the  left  ventricle,  receiving  none. 
Hands  Hill  for  want  of  irritation. 

§.  1 14.  Nor  do  I believe  there  is  any  thing 
more  than  this  required  to  the  heart’s  mo- 
tion. For  if  you  derive  the  heart’s  refling, 
from  a compreffure  of  the  nerves,  the  mo- 
tion of  the  auricles  will  be'  an  objection,, 
whofe  nerves,  in  order  to  that,  ought  not  to 

be 
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be  comprefted  ; and  for  example,  in  fifh  and 
litttle  chicklings  in  the  egg,  there  can  be 
no  room  for  a compreffure  of  the  nerves. 
If,  again,  you  deduce  the  heart’s  reft  from  a 
compreffure,  or  occlufton  of  the  coronary 
arteries,  this  is  contrary  to  experience ; fince 
they  are  not  covered  by  the  valves  of  the 
aorta,  and  from  a wound  of  the  faid  arteries, 
during  the  fyftole  of  the  heart,  the  blood 
ftarts  out  to  a great  height ; and  again,  the 
motion  of  the  heart  ftill  continued,  after  they 
were  tied  by  M.  Chirac.  But  fuch  an  abfo- 
lute  impatience  is  there  in  the  fibres  of  the 
heart  to  bear  any  ftimulus,  that,  even  when 
the  vifcera  are  almoft  dead,  this  appears  to 
have  a kind  of  motion  within  its  own  fibres ; 
which,  beginning  in  a fort  of  radiant  points, 
is  propagated  in  wrinkles  into  the  adjacent 
parts : if,  now,  you  pull  out  the  heart,  al- 
though it  be  growing  cold,  if  you  puncfture, 
inflate,  or  irritate  its  membranes,  the  fibres 
of  the  extracted  heart  become  corrugated  in 
rings,  notwithftanding  there  is  not  now  a con- 
tinuous nerve  or  artery  to  fupply  the  beating 
heart.  [And  this  irritability  of  the  heart  is 
tnore  exquifite  and  durable,  than  in  any  o- 
ther  part  of  the  body  ; becaufe  we  fee,  it 
may  be  thereby  recalled  into  its  former  mo- 
tions by  a ftimulus,  when  no  other  mufcle 
can  be  fo  excited.] 

§.  1 15.  But  with  what  celerity,  and  with 
what  force  the  heart  drives  forward  the  blood, 
is  controverted,  and  varioufly  computed. 
The  jnore  modern  writers  have  railed  their 
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calculations  'upon  a fuppofition,  that  for  the 
celerity  to  be  determined,  we  are  to  admit 
two  ounces  of  blood  to  iflue  out  of  the 
heart  with  fuch  a celerity,  that  the  part  of 
the  pulfe,  called  its  fyftole,  makes  one  third 
of  the  whole  pulfation,  and  is  finifhed  with- 
in a th  part  of  a minute  ; but  the  area  of  the 
mouth  of  the  aorta,  they  have  eftimated 
0.4 1 87  parts  of  an  inch  j fo,  by  dividing  the 
fpace  filled  by  two  ounces  of  blood,  (3.318 
inch)  by  the  area  or  fedtion  of  the  aorta  at 
its  mouth,  [and  length  of  its  cylinder  filled 
by  two  ounces  viz.  the  number 

thence  produced  divided  by  *1T,  the  time  in 
which  the  heart  contracts,  they  find  149  feet 
and  two  tenths  of  an  inch  for  the  fpace,  thro5 
which  the  blood  runs  in  a minute,  if  it  goes 
on  in  a cylinder  with  the  fame  velocity  it  firfi: 
had  from  the  heart,  which  it  does  not.  But 
the  incumbent  weight  of  blood  moved  by 
the  heart,  they  have  computed  by  the  jet, 
wherein  the  blood  fiarts  forth  from  the 
larger  arteries  in  a living  animal,  being  feven 
feet  five  tenths,  and  from  the  furface  of  the 
ventricle,  whofe  area  makes  15  inches.^ 
which  produce  1350  cubical  inches  of  blood, 
or  51  pounds  five  ounces,  which  prefs  againft 
the  ventricle  of  the  contracting  heart.  The 
heart,  therefore,  thus  drives  forward  a 
weight  of  51  pounds,  with  a velocity,  by 
which  it  may  run  through  149  feet  in  a 
minute ; which  force  it  exerts  four  thoufand 
eight  hundred  times  in  an  hour. 
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REMARK. 

There  is  no  doubt  but  the  heart  moves  not 
only  the  whole  mafs  of  blood,  and  other  con- 
tinuous juices-,  but  alfo  all  the  yielding  folids, 
and  even  every  individual  yielding  fibre  is  elon- 
gated by  each  fyftole : but  then  this  is  owing  to 
the  mechanifm  of  the  arterial  fyftem,  which 
makes  a leaver  or  fpring  of  very  great  purchafe, 
for  multiplying  and  transferring  the  force  of  th‘e 
heart,  which  the  arteries  receive  and  apply,  fo 
as  to  produce  great  and  extenfive  effects.  But 
then  we  mull  not  afcribe  to  the  heart  alone  ef- 
fects, which  it  can  produce  only  by  the  afti- 
ftance  of  the  arteries.  And  if  all  circumftances 
be  duly  confidered,  the  heart’s  force  will  be 
found  fo  far  lhort  of  Borelli’s  enormous  calcu- 
lation, that  it  will  be  lefs  than  any  computation 

I have  yet  feen.  See  remark  to  §.  117. As 

to  the  time  in  which  the  mafs  of  blood  may 
make  a compleat  circulation  through  the  heart, 
as  it  flows  with  an  irregularly  decreafing  and  in- 
creafing  motion,  that  varies  in  every  artery,  and 
in  every  vein,  proportionably  to  their  leveral 
lengths,  diameters,  angles,  inflexions,  ftrength, 
&c.  no  one  canjuftly  determine  it.  The  re- 
turn of  it  may  be  twenty  times  quicker  through 
the  coronary  veflfels  of  the  heart,  with  thofe  of 
the  intercofial  mufcles  and  diaphragm,  than  in 
many  other  parts:  and  it  may  move  an  hun- 
dred times  flower  through  the  leaft  vefiels  of 
the  liver,  than  in  the  largeft  veins  at  the  heart. 
However,  on  Dr.  Hales’s  principles,  the  larger 
arteries  may  fhift  their  contents  into  the  veins, 
and  the  larger  veins  may  pafs  their  blood  thro’ 
the  heart,  once  in  about  five  or  fix  minutes,  in 
which  time,  the  majority  of  the  current  pafles  the 
heart  in  one  compleat  round. 
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§.  1 1 6.  Although  there  are  many  particu- 
lars here  (§.  1 15.)  unthought  of,  which  may 
render  the  eftimate  incompleat,  and  fiich* 
perhaps,  as  we  may  never  get  over ; and* 
although,  the  area  of  the  ventricle  be  of  fo 
uncertain  dimenfions,  and  the  jet  of  blood 
computed  from  an  inefficient  height,  yet,  if 
we  confider  the  violence,  with  which  the 
blood  ftarts  from  feme  of  the  lead;  fanguine 
arteries  in  the  living  animal,  although  we 
cannot  ealily  determine  how  much  of  the 
heart’s  fyflole  it  affiimes  to  itfelf,  variations* 
in  which,  will  greatly  alter  the  computation; 
yet,  in  the  mean  time,  it  will  plainly  ap- 
pear, that  the  mufcles  we  call  the  heart* 
make  a very  powerful  machine.*  The  truth 
of  this  is  evident  from  experiments,  in 
which  it  appears  to  be  very  difficult  to  fill 
all  the  red  blood-vefiels  by  anatomical  in- 
jections, and  quite  impoffible  to  fill  all  the 
fmaller  of  them : yet  the  heart,  we  fee, 
not  only  gradually  diftends  all  the  larger, 
the  fmaller,  and  even  the  lead:  veffels  with 
blood,  but  alfo  drives  it  forward  through 
them,  with  a confiderable  celerity.  Even, 
from  fome  of  the  lead;  arteries,  I have  feen 
the  blood  ftart  forth  feveral  feet,  the  jet  de- 
fcribing  a parabola,  whofe  height  was  four  feet, 
and  amplitude  of  the  projection  feven  feet. 
[And  fome  affiert,  they  have  feen  the  blood  af- 
cend  from  the  aorta  to  the  height  of  12  feet.] 

* That  is  to  fay,  when  aided  by,  or  afting  in  con- 
junction with  the  arteries. 

RE- 
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REMARK. 

Obferve  here,  that  the  heart  fills  the  fmaller 
veflels,  not  by  one,  but  by  repeated  ftrokes ; 
or  by  a force  multiplied  in,  and  communicated 
from  the  coats  of  the  great  arteries,  which  force, 
as  well  as  that  of  the  heart,  enters  the  meafure 
or  parabola  of  the  jet  of  blood  from  an  artery. 
See  the  following  remark. 

§.  ii  7.  Moreover,  that  we  may  make  a 
juft  eftimate  of  the  heart’s  force  in  living 
animals,  we  muft  confider  what  great  refi- 
ftances  that  complex  mufcle  overcomes;  we 
muft  compute  the  enormous  weight  there  is 
of  the  whole  blood,  a mafs,  perhaps,  of 
fifty  pounds  and  upwards:  for  all  that  quan- 
tity of  fluids,  once  ftagnant  in  a perfon  late- 
ly drowned,  or  fainted  away,  are  eafily  put 
into  their  former  motion  by  the  heart  only. 
We  muft  again  confider  the  great  decreafe  of 
the  blood’s  velocity,  arifing  from  the  greater 
light  or  capacity  of  the  dividing  branches, 
(from  whence  the  ratio  of  its  celerity,  even 
in  the  inteftines,  may  be  computed  to  only 
a 24th  or  a 30th  part  of  its  original  impulfe) 
abates  two  thirds  from  the  heart’s  force.  And 
yet  we  fee  there  are  humours  fwiftly 
moved  through  much  fmaller  velfels  ; as 
for  example,  in  thofe  of  the  Sandtorian 
perfpiration,  which,  in  a fubterraneous  ca- 
vern, I have  obferved  to  afcend  fwiftly 
in  form  of  fmoak  or  vapour ; and  the  lame 
celerity  of  the  blood  in  the  leaft  veiTe's 
of  little  fifhes,  &c.  is  apparent  to  the  eye 
i by 
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by  a microfcope.  Now  fince  the  frictions, 
in  every  machine,  always  confume  a great 
part  of  the  moving  forces,  much  more  do 
they  in  the  human  body,  whofe  blood  and 
juices  are  fo  much  more  vifcid  or  clammy 
than  water,  and  drove  through  veflels  fo 
fmall,  that  they  permit  only  a globule  at  a 
time  to  pafs  through,  and  even  hardly  allow 
that,  without  changing  their  figure  j but 
from  fo  ftrong  and  extended  a fridtion,  mull 
neceflarily  follow  a very  great  hindrance  to 
the  motion,  whence  we  may  eafiiy  under- 
ftand,  that  the  force  mull  be  very  great, 
which  drives  fo  fwiftly  fuch  a prodigious 
mafs  of  fluids,  over  fo  many  refinances  and 
decrements  of  the  moving  forces. 

REMARK. 

We  are  to  obferve  here,  that  a very  fmall  part 
only  of  thefe  refiftances*  is  removed  each  time  by 
any  Angle  contraction  of  the  heart ; to  which 
the  arteries  ferve  as  a multiplying  fpring,  by 
their  elaftic  force,  proportionable  to  their  di- 
ftention  ; and  drive  forward  the  blood  and  its. 
continuous  juices,  in  the  fame  manner,  as  the  air, 
by  its  fpring,  throws  out  a continued  ftream 
with  a celerity  proportionable  to  its  compreflure, 
in  the  fire-engine  or  forcing-pump.  For,  as 
the  arterial  valves  at  the  heart,  which  fuftain  a 
part  of  this  elaftic  force  equal  to  their  furface, 
will  admit  of  various  apertures  •,  the  heart  adts 
upon  that  hydraulic  principle,  whereby  any  force 
or  prefure,  ever  fo  weak , by  urging  a fiuid  through 
an  aperture , proport  ionably  fmall , fa  all  overcome 
any  refiftance , or  raife  any  weight , ever  fo  great. 
So  that  whenever  the  arterial  refiftance  is  in- 

* Equ.il  to  the  opening  of  the  valves. 
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creafed,  or  the  mufcular  force  of  the  heart  a- 
bated,  the  valves  of  the  heart  are  opened  by  a 
proportionably’frnaller  column  of  blood  ; which, 
in  a natural  eafy  fyflole,  is  feldom  more  than 
half  the  contents  of  either  ventricle  ; as  in  a 
natural  eafy  expiration,  the  lungs  feldom  expel 
more  than  half  their  contained  air.  Hence  it 
appears,  that  to  allow  an  opening  to  the  valves, 
equal  to  the  light  of  the  artery,  and  the  quanti- 
ty of  blood  expelled,  to  be  equal  to  the  capacity 
of  the  ventricle,  115.  are  conceffions  too 
great  by  half  toeftimate  the  natural  force  of  the 
heart,  which  when  reduced  to  but  a few  ounces, 
is  yet,  upon  the  abovefaid  hydraulic  principle, 
able  enough  to  carry  on  the  circulation.  To  this 
automatic  or  elaftic  force,  as  the  principal,  add 
the  vital  or  mufcular  force  of  the  artery.  Vide 
remark  to  §.  44. 

§.  118.  The  blood  being  drove  into  the 
aorta,  immediately  finds  the  two  openings 
of  the  coronary  arteries,  which  lie  next  the 
arterial# valves,  but  above  them,  or  within 
the  aorta;  and,  in  confequence  of  this,  it 
rufhes  fir  ft  of  all  into  the  faid  coronary  arte- 
ries, by  which  the  heart  lupplies  itl'elf  with 
blood.  Thefe  arteries  are  almofl  conflantly 
two,  which  going  off  from  the  aorta  next 
the  heart,  at  an  obtufe  angle,  are  diftributed 
in  a retrograde  or  contrary  direction.  More 
particularly  the  right  coronary  artery  defcends 
betwixt  the  aorta  and  pulmonary  artery,  and 
bending  round  the  furface  of  the  right  au- 
ricle, it  winds  about  the  fharp  or  anterior 
edge  of  the  heart,  whence  lpreading  on  the 
lower  or  fiat  fide  thereof,  at  its  middle  or  a 

little 
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little  further,  the  branches  go  on,  and  ter- 
minate towards  the  tip  of  the  heart ; after 
having  firft  given  its  fmall  branches  to  the 
right  auricle  and  ventricle  with  the  lower 
vena  cava,  pulmonary  vein,  &c.  The  o- 
ther  fuperior  and  left  coronary  artery  goes  out 
betwixt  the  left  auricle  and  the  aorta  by  three 
branches ; one  of  which  goes  round  the 
root  of  the  left  linus  to  the  lower  plane  of 
the  heart,  but  terminates  on  this  fide  the 
middle  feptum  of  the  heart,  and  is  fpent  on 
the  left  ventricle,  and  on  the  left  auricle 
with  its  fin  us.  In  like  manner,  another 
branch  is  fpent  by  defcending  branches  on 
the  top  of  the  obtufe  edge  or  upper  fide  of 
the  heart  belonging  to  the  faid  ventricle, 
where  it  makes  circles  detached  to  the  large 
arteries.  The  third  branch  is  fpent  deep 
within  the  mufcuiar  fiefh  of  the  heart.  All 
the  external  arteries  of  the  heart  are  follow- 
ed cr  furrounded  with  much  fat. 

§.  1 1 9.  Thefe  arteries  communicate,  by 
open  anaftomofes,  or  modulations  of  the 
fmall  branches,  every  where  about  the  fep- 
tum and  tip  of  the  heart j but  they  no  where 
make  a compleat  ring  round  the  heart.  They 
terminate  in  a two-fold  manner. 

§.  120.  The  firft  termination  of  them,  is 
into  the  coronary  veins,  whofe  branches  run- 
ning in  company  with  thofe  of  the  arteries, 
have  their  trunks  of  neceffity  difpofed  in  a 
different  courfe.  T he  great  coronary  vein  is, 
therefore,  a companion  of  the  left  coronary 
H 2 artery  j 
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artery ; and  is  inferted  with  a large  opening, 
fecured  with  valves  on  the  left  fide  of  the 
Euftachian  valve  (§.84.)  of  the  right  au- 
ricle, the  root  of  this  furrounds  the  left  au- 
ricle externally,  and  then  accompanies  the 
fuperficial  branches  of  the  left  artery,  as  be- 
fore defcribed,  §.  1 1 8. 

§.  1 21.  The  other  coronary  vein  (which 
you  may  make  a part  of  the  former,  fince 
they  have  both  one  common  infertion)  de- 
fcends  along  upon  the  feptum  of  the  heart 
to  its  flat  fide ; and  may  be  properly  called 
the  median  coronary.  The  third  bends  tranf- 
verfely  round  the  furface  of  the  right  auricle, 
and  then  terminates  within,  or,  at  leaf!;,  very 
near,  the  large  opening  of  the  coronary 
vein  (§.  120.)  anteriorly.  This  vein  fup- 
plies  that  part  of  the  right  ventricle,  which 
lies  in  the  flat  fide  of  the  heart ; and  often 
receives  thofe  namelefs  veins,  we  fhall  here- 
after defcribe. 

§.  122.  There  areflill  fome  other  anterior 
veins  of  the  heart ; but  one,  more  particu- 
larly large,  goes  along  the  adjacent  edge  of 
the  right  ventricle,  and  running  for  1'ome 
length  obliquely  betwixt  the  membranes,  is 
inferted  into  the  moll  anterior  part  of  the 
right  auricle,  and  fometimes  into  the  trunk 
of  the  upper  vena  cava.  This  anterior  vein 
fends  off  another  concealed  one  through  the 
root  of  the  right  finus,  and  being  again  in- 
ferted into  the  great  coronary  vein,  it  makes 
a compleat  circle  round  the  heart,  like  the 
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arterial  circle,  (§.  119.)  which  fome  have 
defcribed,  but  has  not  yet  been  feen  by  me. 
As  for  lefler  venal  circles  about  the  heart, 
as  well  as  the  faid  arterial  one,  they  are  not 
yet  fufficiently  confirmed. 

§.  123.  But  there  are  a great  many  more 
veins,  uncertain  in  their  number,  which  be- 
long to  the  bafis  and  internal  parts  of  the 
heart,  to  which  the  anatomift  has  feldom 
any  accefs,  becaufe  they  lie  concealed  be- 
twixt the  origins  of  the  large  veffels  : and 
thefe  open  by  numberlefs  fmall  mouths  into 
the  right  finus  and  auricle ; and  fome,  but 
a few  only,  into  the  left  finus.  Thus  I have 
feen  a particular  vein,  which,  from  a latent 
finus  in  the  flefli  of  the  right  auricle,  has 
afcended  up  towards  the  aorta  and  pulmo- 
nary artery,  and  inferted  itfelf  on  one  fide 
into  the  greater  coronary  vein.  Another  I 
have  obferved,  concealed  betwixt  the  mouth 
of  the  coronary  vein  and  the  aorta,  infert- 
ed into  the  right  finus ; and  another  through 
the  remains  of  the  oval  foramen,  and  fep- 
tum  of  the  two  finufies,  inferting  itfelf  into 
the  right  finus ; and  others  again  belonging 
to  the  venal  valves,  befides  which,  there 
are  hill  others  too  numerous  to  delcribe. 

§.  124.  There  are  hill  more,  and  much 
ftnaller,  veins  in  the  heart,  whofe  little 
trunks,  being  very  fhort,  cannot  eafily  be 
traced  by  difledtions ; and  thefe  open  them- 
felves  by  an  infinite  number  of  oblique  fmall 
mouths,  through  all  the  numerous  foveas  or 
H 3 little 
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little  finuofities  and  excavations,  obfervable 
throughout  the  furface  of  the  right  and  left 
ventricle.  Thefe  are  demonftrated  by  in- 
jections of  water,  wind,  or  mercury,  made 
by  the  coronary  arteries,  after  you  have  firfl: 
tied  their  correfponding  or  accompanying  co- 
ronary veins ; or  even  by  injecting  into  the 
great  coronaty  veins,  after  you  have  firfl 
intercepted  the  openings  of  their  largefl 
trunks.  For,  in  either  of  thefe  cafes,  there 
are  drops  of  the  tinctured  wrater,  bubbles  of 
air,  fpherules  of  mercury,  rufhing  out  thro’ 
the  whole  extended  furfaces  of  both  the  ven- 
tricles of  the  heart.  [And  this,  without 
any  violence  that  can  be  fuppofed  fufficient 
to  break  the  veffels.] 

§.  1.25.  There  are  fome  who  will  have 
the  coronary  arteries  filled  with  blood,  not 
by  the  contracting  of  the  heart,  but  of  the 
aorta  in  its  fyftole  ; which  they  think  muff 
be  a confequence  of  the  retrograde  angle  of 
the  blood’s  courfe  here,  and  the  palenefs  of 
the  contracted  heart,  with  a fuppofition,  that 
the  valves  of  the  aorta  cover  or  clofe  the 
mouths  of  the  coronary  arteries.  But  the 
two  laft  of  thefe  are  difproved  by  experience, 
and  the  firfl:,  or  retrograde  courfe,  can  only 
impede  or  leffen,  and  not  intercept,  the  flux 
' into  the  heart : for  the  injections  of  wind  or 
mercury,  into  all  the  feminal  and  biliary 
veffels,  demonft.  ate,  that  the  large  retro- 
grade angles,  which  the  veffels  often  there 
make,  do  not  hinder  the  fluids  from  taking 
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their  natural  courfe,  though  they  retard  it. 
But  a proof,  ftill  more  evident,  is,  that  the 
coronary  artery,  and  the  blood  darting  from 
it,  make  a higher  faltus  at  the  time  when 
the  heart  is  contracting, 

.§.  126.  Concerning  the  reflux  or  return 
of  blood  from  the  mufcular  fubftance  of  the 
heart,  there  is  flill  lei's  room  to  doubt : for 
all  the  coronary  veflels  difcharge  their  blood 
into  the  auricles  and  ventricles,  either  right 
or  left,  (but  lefs  into  the  latter)  by  thofe 
larger  (§.  120  to  123.)  and  by  the  fmal- 
ler  orifices,  (§.  123,)  as  well  as  by  the 
lead,  (§.  124.)  wh  ch  fo  eafily  tranfmit  the 
injections,  after  you  have  firft  tied  the  larger 
coronary  veins.  The  circulation  through 
the’fe  veflels  feems  to  be  compleated  in  the 
fhorteft  fpace  of  titne  that  can  be  in  any 
part,  from  the  great  velocity  the  blood  re- 
ceives from  the  heart  itfelf,  urging  the  fame 
through  its  own  fubftance.  But  that  the 
whole  contents  of  the  veflels  are  cleared  in 
each  contraction,  does  not  feern  to  me  pro- 
bable; for  the  blood- veflels  of  the  heart  do 
not  look  pale  enough  in  that  aCtion  to  pro- 
duce fuch  an  effeCt,  as  an  entire  evacuation. 

There  is  a very  free  or  open  pafiage  from 

the  arteries  of  the  heart  into  the  cellular  fub- 
ftance, or  fat  which  furrounds  it. — -If  you 
,afk,  what  are  the  ufes  of  thofe  leaft  or 
Ihorteft  veins,  which  open  obliquely  thro5 
the  furfaces  of  both  the  ventricles  ? (§.  125  ) 
H 4 ' they 
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they  ferve  to  return  the  blood  of  thofe  deep- 
ly feated  fmall  arteries,  within  the  mufcular 
fubftance,  which  have  no  correfponding 
veins  running  by  their  Tides,  like  thofe  on 
the  furface. 

§.  1 27.  The  humours  of  the  heart,  which 
are  thinner  than  blood,  return  by  the  valvula,r 
lymphatic  veins,  which  accompany  the  co- 
ronary blood-veffels,  and  afcend  towards  the 
thoracic  du6t  and  fubclavian  veiri,  but  are 
very  rarely  to  be  feen. 

REMARK. 

From  what  has  been  faid,  it  appears,  that  the 
force  of  the  heart  is  manifeftly  greateft  in  thofe 
who  have  ftrong  fibres,  not  too  eafily  irritable, 
with  a pulfe  large  and  moderately  flow.  For 
the  number  of  pulfes  being  given,  the  ftrength 
of  the  body,  in  health  and  difeafe,  will  be  as  its 
magnitude,  if  the  arteries  are  duely  pervious  ; 
and  if  the  magnitude  be  given,  the  patient’s 
ftrength  will  be  as  the  flownefs  of  the  pulfations, 
if  there  be  no  obftruCting  caufe  at  the  heart.  So 
the  ftrength  will  be  in  a ratio,  compounded  of 
the  magnitude  and  flownefs  of  the  pulfe.  Thus 
the  perfon’s  ftrength,  and  the  arterial  refiftance, 
with  the  tenacity  of  the  humours,  being  the 
fame,  the  quantity  of  the  heart’s  contraction 
will  be  as  its  irritation,  from  the  plenitude  and 
tenf  on  of  its  ventricles.  The  arterial  refiftance 
and  heart’s  plenitude  being  the  fame,  its  con- 
traction will  be  as  the  nervous  or  mufcular 
ftrength  of  the  body.  Or  the  heart’s  ftrength 
and  plenitude  being  given,  its  fyftole  will  be  as 
the  refiftances  inverfely.--— If  the  heart  weak- 
ened 
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ened  throws  out  lefs  than  it  receives,  the  pulfe 
quickens  to  compenfate  the  want  of  magnitude : 
and  fo  the  heart  may  labour  with  oppreffion, 
either  (i.)  from  the  venal  prcffure  increafed. 
(2.)  From  the  arterial  refinance  augmented. 
Or  (3.)  from  a nervous  weaknefs  of  the  mufcu- 
lar  lirength  or  vital  powers.  And  thefe  make 
the  immediate  caufes  of  fevers,  which  refult  a- 
gain  from  changes  made  by  the  nonnaturals, 
either  in  the  automatic  and  mufcular  powers  of 
the  heart  and  arteries,  in  the  encephalon  and 
nervous  fyftem,  or  in  the  quantity  and  quality 
of  the  blood,  and  principal  humours  thence 
fecreted. 
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LECTURE  VI. 


Of  the  common  offices  of  the  arteries. 

§.  128.  HE  blood  is  thus  drove  from 


into  theaorta,  which  takes  its  courfefirft  a little 
towards  the  right,  and  then  to  the  left  in  an 
arch,  that  is  very  fharply  bent ; and  here  the 
mafs  of  this  purple  fluid  ftrikes  firft  againft 
the  right  fide,  and  is  then  refledted  to  the 
left  fide  again  of  the  aorta,  whence  flowing 
in  a vortical  or  whirling  motion,  as  much 
as  that  full  veffel  will  permit,  it  goes  on 
through  the  arteries,  with  an  alternate  colli- 
fion  againft,  and  repercuftion  from  their  Tides. 

§.  129.  Thefe  beating  veffels  are,  in  a li- 
ving perfon,  always  full  of  blood ; fince  the 
jet  or  ftream,  that  ftarts  from  an  artery,  is 
not  interrupted  by  alternate  flops,  while  the 
heart  refts  or  relaxes  itfelf,  but  it  flows  on, 
in  a continued  thread  ; add  to  this,  that  the 
microfcope  fhews  the  arteries,  in  living  ani- 
mals, to  be  full,  both  in  their  fyftole  and 
diaftole ; nor  can  the  circular  fibres  of  the  ar- 
teries fo  far  contract  themfelves,  as  to  en- 
tirely evacuate  thefe  tubes.  Since,  there- 
fore, a new  wave  or  column  of  blood  is  fent 
into  the  arteries  already  full,  although  it  bear 
a fmall  proportion  to  the  whole  mafs 
contained  in  the  arterial  fyftem,  through- 
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out  the  body,  hardly  ever  exceeding  two 
ounces ; yet,  by  its  immediate  contact  with 
the  precedent  wave  or  column,  which 
moves  flower,  as  it  gets  farther  from  the  heart, 
it  confequently  drives  the  fame  forwards,  and 
diftends  or  dilates  the  arteries,  urging  the 
convex  parts  of  their  flexures  outwards,  and 
caufing  their  fpiral  waves  to  be  more  ferpen- 
tine,  as  injedions  demonffrate  to  us.  This 
dilatation  of  the  artery,  whereby  its  ’light  or 
capacity  is  changed  from  a lefs  to  a greater 
circle,  is  called  the  pulfe  ; the  di_.jlole  or  di- 
latation of  which,  is  an  expanfion  of  the  ar- 
tery, beyond  its  natural  diameter.  This 
being  the  proper  or  charaderiftic  addon  of 
life,  refults  from  the  heart  only,  and  is  in 
no  wife  natural  to  the  arteries  left  to  them- 
felves.  Hence,  when  the  motion  of  the 
heart  is  intercepted,  whether  by  aneurifm, 
ligature,  or  otherwife,  there  is  no  pulfation 
of  the  arteries  to  be  felt  3 and  from  hence 
too,  there  is  a fudden  ceffation  of  the  pulfe, 
by  a wound  through  the  heart,  in  a living 
animal. 

§.  130.  The  fyjiole , or  contradion  of  the 
artery,  immediately  follows  the  faid  dilata- 
tion of  it.  Namely,  the  heart,  having 
emptied  itfelf,  and  removed  the  ftimulus  of 
the  blood,  diredly  comes  into  a ftate  of  re- 
laxation or  reft.  But  the  artery,  at  this 
fame  time,  by  its  innate  elafticity,  and  con- 
tradile  power  reliding  in  its  circular  fibres, 
(§.  30.)  irritated  likewife  by  the  ftimulus  of 
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the  impelled  blood,  enters  into  a Hate  of 
conflriCtion,  by  which  as  much  blood  is 
driven  out  from  its  capacity,  as  ferved  to  di- 
late it  beyond  its  mean  or  middle  diameter : 
which  quantity  of  blood  is  either  forced  into 
the  fmaller  and  fcarce  beating  arteriolae,  or 
elfe  returned  into  the  veins 3 becaufe  the  re- 
action, from  the  refilling  femilunar  valves  of 
the  aorta,  will  determine  the  blood  that  way 
from  the  heart,  §.  104.  So  foon  as  the 
artery  has  freed  itfelf  from  this  wave  or  co- 
lumn of  blood,  being  no  longer  flimu- 
lated  by  diflention,  it  direCtly  collapfes  by 
its  own  proper  contractile  force,  and  is  now 
again  ready  to  yield  to  a new  wave  or  column 
of  blood,  lent  into  it  from  the  heart  3 whence 
follows  a repeated  diaflole,  or  dilatation  of  it, 
as  before. 

°§.  13 1.  That  the  arteries  thus  contrad, 
and,  by  that  force,  drive  forward  their  con- 
tained blood,  is  proved  evidently  from  their 
Itrongly  contractile  nature  3 from  the  appa- 
rent diminution  of  the  diameter  or  dilatation 
they  receive  from  the  heart  3 from  the  eva- 
cuation that  follows,  by  the  proper  force  of 
the  artery  itfelf,  driving  out  all  the  blood 
that  is  contained  in  the  lateral  branches,  be- 
twixt two  ligatures  3 from  the  greatnefs  of 
the  jet  of  blood,  that  Harts  from  an  artery, 
even  while  the  heart  is  relaxed,  and  at  reft  3 
from  the  ftrength  or  force  with  which  e- 
minent  anatomifls  have  obferved  the  blood 
thrown  out  of  the  tied  aorta,  below  the 
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ligature;  from  the  evacuation,  which  the 
arteries  make  of  their  contained  blood,  even 
after  death,  into  the  veins,  whereby  thefe 
latter  appear  much  fuller  than  the  arteries ; 
and  laftly,  from  the  confiderable  jet  or  faltus 
of  blood,  that  iffiies  from  a large  artery  in 
an  animal,  even  after  death,  amounting  to 
the  height  of  two  feet ; to  which  add,  the 
convulfive  contractions  of  the  animal,  in 
which  the  artery  is  thus  wounded,  and  the 
remarkable  clofings  of  the  mouths  of  di- 
vided arteries  in  wounds,  [and  a fphacelation 
of  the  limbs,  from  an  offification  of  the  ar- 
tery ; whence  the  veins  become  diftended.] 

§.  132.  The  great  fwiftnefs  of  the  blood’s 
motion,  (§.  115.)  being  fuch  as  carries  it 
above  two  feet,  in  the  fpace  of  a fecond  of 
time,  and  the  conftant  plenitude  of  the  ar- 
teries, render  it  impoffible  for  us  to  perceive 
any  fucceffion  in  the  pulfes  of  different  arte- 
ries; whence  all  the  arteries  of  the  body 
feem  to  beat  at  one  and  the  fame  inftant, 
whilft  the  heart  ftrikes  againft  the  bread:  5 
and  yet  there  is  certainly  a fucceffion  in  the 
fyftole  of  the  arteries,  by  which  the  aorta 
feems  to  contract  in  the  fame  order  fuccef- 
fively,  as  it  is  filled  by  the  blood,  expelled 
from  the  heart ; fo  that  the  part  of  the  ar- 
tery, next  the  heart,  is  firft  conftringed,  and 
thence  gradually  the  arterial  contra&ing  force 
proceeds  to  the  extremities.  An  inftance  of 
this  we  have  in  the  inteftines,  and  the  fame 
is  evident  to  the  eye  in  infe&s,  who  have  a 
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long  fiftulous  and  knotted  hearty  manifcftiy 
contracting  in  a fucceffion  from  the  begin- 
ning to  the  end  But  the  mind  cannot  di- 
hinguiffi  the  lead  points  of  time,  which  are 
the  meafures  of  this  fucceffion. 

§.  133.  If  it  be  afked,  where  this  pulfa- 
tion  ends  ? we  anfwer  in  the  lead:  arteries, 
and  cylindrical  originations  of  the  veins. 
Certain  we  are,  that  the  lights  or  feciions  of 
the  arteries,  compofed  by  the  aggregation  or 
fum  of  their  tranfverfe  fedions,  as  they  di- 
vide farther,  in  their  courfe,  from  the  heart, 
greatly  exceeds  that  of  the  aorta  ; fo  that 
fince  the  ratio,  or  lefs  proportion  of  the 
trunks  to  their  branches,  continually  dimi- 
niffies,  as  they  make  lefs  ramifications,  and 
this,  in  a variable  or  uncertain  proportion  ; 
the  difference  of  that  ratio  or  proportion  will 
be  the  greateft,  betwixt  the  light  of  the 
aorta  at  the  heart,  and  the  fum  of  the  fec- 
tions  of  all  the  fmall  arteries,  where  they 
are  leaff,  in  the  extreme  parts  of  the  body. 
Again,  (2.)  the  proportion  of  the  arterial 
membranes,  or  coats  in  thicknefs,  with  re- 
fped  to  their  bores  or  capacities,  is  greater, 
as  the  arteries  grow  lefs ; and  is  largeft  in  the 
leaf!:  of  them,  which  tranfmit  only  one  glo- 
bule at  a time.  The  truth  of  this,  is  prov- 
ed from  anatomy,  and  the  forcing  of  air 
into  the  arteries,  by  which  they  burft  al- 
ways more  difficultly,  as  they  are  lefs  j and 
from  the  calculation  itfelf,  by  which  the 
magnitude  of  tl}e  lead:  arteries  is  determined 
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from  the  globules  diftending  their  two  femi- 
cylindric  membranes.  Add  to  this,  (3.)  the 
fridtion  of  the  juices  through  the  leaft  vef- 
fels,  indebted  and  meeting  together  in  an- 
gles ; which  fridtion,  even  in  the  moft  fluid 
water,  running  through  long  pipes  that  are 
fingle,  and  in  a diredt  courfe,  greatly  dimi- 
nifhes  the  velocity,  and  more  in  proportion* 
as  the  tube  is  of  a lefs  bore ; while  again, 
as  the  artery  is  lefs,  there  are  a greater  num- 
ber of  globules  rubbing  and  grating  againft 
its  membranous  converging  fides.  But, 
moreover,  (4.)  the  inflexions  and  folds , or 
plates  of  the  veffels,  greatly  flacken  the  blood’s 
motion  ; fince  always  iome  part  of  the  im- 
pelling force  is  fpent  and  loft  in  removing 
the  convex  parts  of  the  folds,  and  changing 
the  figure  of  the  infiedted  veffel.  Laftly,  (5.) 
the  great  vifeidity  or  tenacity  of  the  blood 
itfelf  muff  be  confiderably  allowed  for, 
fince,  by  reft  only,  it  diredtly  hardens  into 
clots ; and  fince  it  is  from  the  circulatory 
motion  only  of  the  blood,  that  this  mutual 
attradtion  of  cohefion,  in  its  parts,  is  over- 
come, fo  as  to  hinder  it  from  adhering  to- 
gether, or  to  the  fides  of  the  arteries ; for  fo 
we  find  it  adhere  in  aneurifms  and  wounds 
of  the  arteries,  or  elfe  the  globules  clot 
together,  as  we  fee  ufually  after  death. 
From  all  which  confiderations,  you  will  ob- 
ferve,  that  the  blood  meets  with  the  greateft 
retardation  in  its  courfe,  in  the  leafl  veffels. 
[And  furgeons  know,  that  a fmall  branch, 
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near  the  heart  or  aorta,  bleeds  more  danger 
roufly  than  one  much  larger,  that  is  more 
remote.]  We  may  eafily  perceive  the  a- 
mounts  of  this  retardation  will  be  very  con- 
siderable, although  it  be  difficult  to  make  a 
juft  eftimate  of  it.  In  the  larger  trunks, 
the  blood  of  a living  animal  flows  with  the 
rapidity  of  a torrent;  but,  in  the  leaft  bran- 
ches, it  creeps  along  very  flowly,  with 
its  globules  trailing  only  one  at  a time,  and 
apart  from  each  other ; fo  that  in  the  leaft, 
it  begins  to  put  on  a ftate  of  coagulation. 
Thus  in  a frog,  the  blood  runs  through  the 
capillaries  but  two  thirds  of  an  inch  in  a mi- 
nute ; and  in  an  eel,  it  moves  through  four 
inches  in  that  time.  Compare  this  with 
what  is  faid  at  §.  58,  1 15  and  140. 

§.  134.  The  pulfe,  therefore,  or  dilata- 
tion of  the  artery  enfues,  becaufe  the  an- 
terior wave  or  column  of  blood  moves  on 
flower,  while  the  fubfequent  or  pofterior 
wave  comes  fafter ; fo  that  the  precedent  is 
an  obftacle  to  the  confequent  blood,  §.  129. 
But  flnce  the  force  of  the  heart  weakens  as 
the  blood  goes  on,  and  the  contractile  power 
of  the  arteries  increafes,  therefore  the  dis- 
proportion of  celerity,  betwixt  the  antece- 
dent and  confequent  waves  or  columns  of 
blood  coming  from  the  heart,  will  be  con- 
tinually lefl'ening,  with  refpeCt  to  the  blood 
that  is  urged  on  by  the  contraction  of  the 
fmaller  veffels,  ’till  arriving  at  a part  where 
there  is  no  excefs  or  difference,  it  will  there 

ceafe 
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ceafe  to  make  any  pulfation  of  the  artery ; 
becaufe  here  the  anterior  and  confequent 
blood  flow  evenly,  or  with  the  fame  cele-, 
rity  in  one  continued  thread.  But  this  place 
of  equality,  in  motion,  cannot  be  in  the 
larger  and  more  confpicuous  arterial  branches; 
for  in  them,  the  wave,  laid  coming  from  the 
heart,  moves  quicker  than  what  went  before;, 
as  is  evident  from  the  inflammatory  pulfa- 
tion of  them,  efpecially  in  the  fmall  arteries 
of  the  eye.  But  in  the  lead;  red  arteries,  the 
pulfe  at  iength  begins  to  vanifli.  This  is  e- 
vident  from  the  equable  motion  of  the  blood, 
often  feen  by  a microfcope  through  the  ar- 
teries of  a frog.  But  in  the  lead;  veins,  vi- 
able to  the  eve,  there  is  no  fenflble  pulfa- 
tion or  accelerated  motion  of  the  blood, 
whilA  the  heart  contrails,  demonftrable,  ei- 
ther by  the  microfcope  or  any  other  expe- 
riment. 


REMARK. 

With  regard  to  the  pulfe  of  the  arteries,  it 
appears  to  us  to  depend  more  on  the  adtion  of 
the  arterial  coats  than  is  commonly  imagined. 
For  example,  if  the  parts  of  a vifcid  fluid  run 
into  coheflon,  fo  as  wholly,  or  in  part,  to  fhut 
up  the  light  of  a converging  tube,  this  will  be 
fo  far  from  accelerating  the  flux  through  the 
dead  tube,  that  it  will  either  proportionably  a- 
bate,  or  wholly  intercept  it ; whence  the  doc- 
trine of  inflammation,  as  ariflng  from  a mere 
obftrudtion,  has  been  exploded  by  Dr.  Gorter 
and  others  (who,  by  Handing  on  good  pre- 
ceptor Boerhaave’s  Ihoulders,  have,  in  feveral 
I par- 
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particulars,  been  able  to  fee  further  than  himfelf.) 
But  an  obftrufting  matter  in  a living  artery,  which 
is  an  irritable  mufcle  of  confiderable  force,  will 
there  a£t  as  a ftimulus,  whereby  a greater  flux 
being  derived  into  the  nervous  and  vafcular  fabric 
of  the  arterial  coats,  that  obftru&ed  artery  will 
contract  more  violently,  or  to  a lefs  diameter  than 
the  reft,  as  will,  likewife,  all  the  branches  coming 
from  the  artery  below  the  part  ftimulated : but  this 
feries  of  the  arteries  being  thus  more  empty  than 
others  at  each  fyftole,  as  foon  as  their  contraction 
is  over,  they  will  proportionably  make  a lefs  re- 
fiftance  than  other  arteries,  to  the  blood  that  comes 
to  fill  them  *,  which,  thus  flowing  in  a greater 
quantity,  will  alfo  caufe  a larger  diaftole,  which, 
joined  with  a larger  fyftole,  is  the  effence  of  fever 
and  inflammation.  We  are,  therefore,  not  to 
imagine,  the  blood  is  equally  accelerated  through 
all  the  arteries  in  fevers ; for  wherever  there  is  pain 
or  local  inflammation,  the  acceleration  will  be 
greateft  through  the  arteries  of  that  part ; al- 
though, from  communication  and  confent,  it  will 
be  alio  accelerated  in  a lefs  degree  through  the  whole 
fyftem.  Dr.  F.  Hoffman  makes  this  local  and 
univerfal  increafeof  aftion  in  the  arteries,  the  proxi- 
mate caufe,  not  only  of  fevers  and  inflammations, 
but  of  moft  other  diforders,  under  the  denomina- 
tion of  fpafms  or  convulfive  conftridtions ; and  con- 
tents himfelf  in  accounting  often  for  the  produc- 
tion of  a difeafe,  by  refolving  it  into  this  fource  : 
whence  his  theory  is  lefs  ufeful  and  inftrudtive  than 
the  Boerhaavian,  which  takes  particular  notice  of, 
and  clafles  more  accurately,  the  many  proximate 
caufes  in  the  habit,  and  numerous  remote  ones  with- 
out, producing  this  fpafm  as  an  effeCt  •,  the  cure  or 
removal  of  it  being  various,  as  the  caufcs  fhall  di- 
rc6t.  See  remark  to  §.  44. 


§.  1 35-  It 
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135.  It  follows,  therefore,  that  the  force 
of  the  heart  altogether  ceafes  in  the  beginning 
of  the  veins,  fince  there  is  very  little  of  it  re- 
mains in  the  leaf;  arteries,  and  in  the  leaf;  of 
the  confpicuous  veins,  nothing  at  all  of  it  can 
be  found.  And  that  the  pulfe  may  be  thus 
fpent  or  loft,  merely  through  the  narrow- 
nefs  of  the  leaf:  velfels,  is  proved  by  the  ex- 
periment, in  which  a pipe,  fixed  in  a leathern 
tube,  and  driving  forth  water  in  a continual, 
but  ftarting  ftream,  does,  by  a fponge,  fixed 
round  the  mouth  of  the  faid  tube,  caufe  the 
water  to  iffue  forth  in  an  even  ftream,  without 
leaping,  through  the  fponge : and  the  fame  is 
evident  from  another  experiment,  in  which  the 
fame  thing  happens,  by  injecting  the  mefen- 
teric  arteries  with  an  alternate  impulfion  of 
water  ; for  then  the  water  flows  out  through 
the  veins,  in  one  continued  even  ftream. 

§.  136.  Th e pulfe  is,  therefore,  the  meafure 
of  the  powers,  which  the  heart  fpends  on  the 
blood  ; becaufe  it  is  the  immediate  and  full  ef- 
fect of  thofe  powers.  Hence  all  things  con- 
fidered  as  alike,  the  pulfe  is  flow  in  the  moft 
healthy  people,  where  there  is  no  ftimulus, 
nor  any  unnatural  refiftance  to  caufe  the  effect 
of  a ftimulus,  but  the  heart  is  at  liberty  to  fend 
forwards  the  blood  with  eafe.  A large  pulfe  is 
caufed  by  fulnefs  of  the  artery,  ioined  with  a 
ftrong  force  of  the  heart.  But  a hard  pulfe 
denotes  fome  obftacle  or  ftimulus ; or  elfe,  that 
the  heart’s  force  is  increaied  with  a greater 
thicknefs  of  blood,  or  a greater  rigidity  of  the 
artery,  A quick  pulfe  denotes  fome  ftimulus, 
I 2 obftacle. 
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obftacle,  or  greater  fenfibility  or  irritability  of 
tlie  heart.  ’Tis  beft  felt  where  the  artery  lies 
expofed  bare  to  the  touch,  upon  fome  refitt- 
ing bone  ; but  obftrudtions  fometimes  render 
the  pulfe  perceptible,  where  it  is  never  fo  na- 
turally. 

§.  137.  The  pulfe  is  dower  in  animals,  as 
they  are  larger  or  more  bulky,  [becaufe  the 
heart  is  proportionably  bigger  in  the  fmaller  than 
in  the  larger  animals]  and  becaufe  the  heart  is 
obliged  to  drive  the  blood  to  a greater  diftance ; 
whence  the  refiftances  or  fridtions  feem  to  be 
increafed,  in  the  more  bulky,  over  the  force  of 
the  heart.  Hence,  fmall  animals  are  more  vo- 
racious, and  large  ones,  as  the  whale  and  ele- 
phant, eat  lefs.  The  pulfe  of  a healthy  per- 
fon,  rifing  in  the  morning,  beats  65  in  a mi- 
nute ; but,  after  the  fatigue  of  the  day,  it  will 
in  the  evening  beat  80  in  that  time;  and  again, 
by  the  night’s  reft  or  deep,  it  will  become  gra- 
dually lefs  frequent,  ’till,  in  the  morning,  you 
will  find  it  returned  again  to  its  primitive  num- 
ber of  65.  For  the  voluntary  motions  of  the 
mufcles,  and  adtions  of  the  external  and  inter- 
nal lenfes,  urge  the  venal  blood  on  to  the  heart, 
which,  being  thereby  oftner  ftimulated,  makes 
more  frequent  contradlions.  This  is  the  caufe 
of  thofe  paroxyfms  or  fits  of  increafe,  obferv- 
able  in  all  fevers  towards  the  evening.  For 
deep  not  only  retards  the  motion  of  the  blood, 
but  of  all  the  other  humours  and  adtions  in  the 
body  whatever. 


RE- 
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REMARK. 

This  is  one  of  the  curious  obfervations  of  Dr. 
Hales,  viz.  that  the  pulfe  is  quicker  in  fmall  ani- 
mals, and  flower  in  larger.  In  his  Haemaftatics, 
he  found  the  pulfe  of  a horfe  flower  by  half  than 
in  a man,  viz,  32  only  in  a minute  ; whereas  in  a 
dog,  the  pulfe  beat  97  in  that  time  •, ' and  in  a fheep 
65,  i.  e.  about  the  fame  as  in  a man  fleeping. 
And  this  we  fee  is  conformable  to  the  blood’s  heat, 
meafured  by  the  mercurial  thermometer  of  Faren- 
heit’s  icale,  as  the  late  Dr.  G.  Martine  has  inge- 
nioufly  oblerved.  For  the  blood  in  oxen,  horles, 
and  other  large  animals  at  reft,  being  five  or  fix  de- 
grees cooler  than  in  us,  will  not  rife  to  our  heat, 
i.  e.  gr.  96,  but  by  a tolerable  degree  of  exercife 
or  labour,  which  they  can  thus  better  endure  : 
whereas  dogs,  cats,  and  fowls  are  five  or  fix  gr. 
hotter  than  we  (viz.  about  gr.  102.)  and  the  latter, 
when  fitting  or  brooding  on  their  eggs  for  young, 
are  ftill  four  or  five  gr.  hotter,  viz.  107  or  108, 
which  is  commonly  the  heat  of  our  blood  in  the  fit 
of  an  ague ; where  it  is  obfervable,  that  during 
the  greateft  fenfe  of  cold-chill,  the  blood  is  three 
or  four  gr.  hotter  than  in  health,  after  which  it 
gains  four  or  five  gr.  more  in  the  height  of 
the  hot  fit,  viz.  gr.  104  or  5 ; but  in  violent  ar- 
dent fevers,  where  the  pulfe  beats  140,  the  blood’s 
heat  will  ftill  be  four  or  five  gr.  higher,  viz.  gr. 
no;  i.  e.  two  or  three  gr.  more  than  equal  to  a 
brooding  hen  or  pidgeon,  and  within  three  gr. 
of  the  heat  that  fcalds  a delicate  or  tender  hand. 
But  fuch  an  heat  is  in  no  danger  of  hardening,  but 
of  putridly  diffolving  the  blood  or  ferum,  which 
our  good  preceptor  Boerhaave  miftook  in  his  che- 
miftry  ; for  to  indurate  ferum  or  the  whites  of 
eggs,  takes  near  50  gr.  more  of  heat.  Nor  is  the 
pleuritic  or  inflammatory  cruft  caufed  by  a greater 
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heat,  but  from  a greater  ftagnation  of  the  blood 
in  fome  veffels,  while  it  runs  fafter  through  others  •, 
by  which  the  lymphatic  and  ferous  globules,  with 
the  nutritious  glue,  §.  15.  retaining  lefs  motion 
from  their  lefs  denfity,  run  into  filamentary  conca- 
tenations and  cohefions. 

§.  138.  The  pulfe  is  more  quick  or  frequent 
in  children,  as  they  are  younger,  and  becomes 
afterwards  flower  in  perfons  as  they  grow  older. 
The  falieQt  point  of  an  ovum  beats  134.  in  a 
minute:  new-born  infants  have  their  pulfe  120 
in  that  time,  and  from  thence  down  to  old  age 
it  grows  flower,  to  60  in  a minute.  A feverifh 
pulfe  begins  from  96  per  minute,  and  we  count 
the  pulfe  has  but  a moderate  celerity  in  fevers, 
or  laborious  exercifes  of  adult  perfons,  if  it 
does  not  exceed  above  no  or  120  in  a mi- 
nute 5 but  ’tis  exceflive  at  130  or  140,  which 
is  the  number  of  the  pulfe,  with  which  a per- 
lon  dies.  The  pulfe  beats  flower  in  winter, 
and  quicker  in  fummer,  by  about  10  ftrokes 
per  minute ; and  under  the  torrid  zone,  it 
grows  quicker  to  120.  The  different  pafficns 
of  the  mind  varioufly  accelerate,  retard,  and 
difturb  the  pulfe. 

REMARK. 

Here  we  may  obferve,  that  the  blood’s  heat  or 
its  velocity  are  neither  of  them,  in  all  cafes,  pro- 
portionable to  the  quicknefs  of  the  pulfe  ; but  more 
denfity  or  proportion  of  craflamentum  in  the  blood, 
with  more  magnitude  of  the  pulfe,  or  diftention  and 
elaftic  force  of  the  arteries  muft  concur  ; the  de- 
feat of  which  is  a balance  to  the  great  celerity  ot 
the  pulfe  in  infants,  which  would  otherwife  be  the 
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caufe  of  a high  fever  in  them,  as  well  as  in  adults. 
But  as  they  make  all  their  own  red  blood,  even  in 
the  womb,  and  receive  none  from  the  mother ; 
the  larged  globules  which  generate  the  heat,  and 
theelaftic  force  ot  their  velfels,  are  at  firft  inconfi- 
derable,  and  as  thefe  advance  by  age,  the  celerity 
of  the  pulfe  abates ; whence  the  heat  and  velocity 
of  the  blood  are  continued  nearly  the  fame. 

§.  139.  Through  the  lead  veins  the  blood 
moves  on  very  flowly,  partly  by  force  of  the 
heart,  which,  in  fome  meafure,  dill  remains 
in  it ; and  partly,  by  the  contractile  force  of 
the  arteries.  The  fird  is  proved  by  -a  renewal 
of  the  motion  of  the  blood,  in  perfons  drown- 
ed ; where,  merely  by  exciting  the  aCtion  of 
the  heart,  the  whole  mats  is  driven  forwards. 
But  the  contractile  force  of  the  artery  is  prov- 
ed by  the  fphacelation  of  the  limbs,  whofe  ar- 
teries are  become  offified  ; [by  the  continuation 
of  life  from  this  force,  after  the  heart  has  been 
offified  or  confumed  ; and  again,  from^the 
blood  continuing  to  move  by  this  force  in  the 
tail  of  a frog  or  fiffi,  after  it  has  been  cut  off 
fometime]  ; from  the  turgefcence  of  the  veins 
in  general,  and  particularly  in  the  liver,  by  this 
force ; and  from  the  progreffion  of  the  blood, 
in  a tied  artery  below  the  ligature,  into  and 
through  the  veins  of  any  limb  to  the  heart,  by 
whofe  force  it  cannot,  therefore,  in  that  cafe, 
be  drove  on.  But  the  different  fmall  times  of 
thefe  arterial  contractions  cannot  be  didinguifh- 
ed  by  the  eye,  they  are  fo  very  minute,  though 
reafon  affures  us  of  their  difference ; and  as  to 
any  perceptible  difference  in  the  larger  veins, 
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that  is  confounded  by  the  addons  of  the  adja- 
cent mufcles  and  incumbent  arteries,  §.  141, 
[But  after  death,  the  blood  continues  to  move, 
in  part,  alfo  by  its  own  gravity,  and  by  the 
elafticity  of  the  air  generated,  or  extricated  by 
putrefaction.] 

§.  140.  But  the  blood  moves  on  fatter  in  the 
larger  veins.  For  whenever  the  impelling 
powers  remain  fufficient  or  the  fame,  and  the 
conveying  fmall  vetfels  are  rendered  narrower, 
the  motion  of  their  contained  fluids  mutt  of 
courfe  be  accelerated ; fince  the  fedion  of  the 
venal  trunk  is  much  lefs  than  that  of  all  its 
branches,  in  the  fame  manner  as  that  of  an 
artery  is  lefs  than  the  fum  of  the  branches  into 
which  it  divides.  Therefore,  if  the  motion 
of  the  venal  blood  lofes  nothing  in  its  way, 
the  proportion  of  its  celerity  in  the  vena  cava, 
to  its  celerity  in  the  veins  pf  the  thirtieth  divi- 
fion,  will  be  thirty  times  greater  in  the  former, 
in  proportion,  as  the  conjund  lights  of  all  the 
fmall  veins  exceed  the  light  of  the  cava.  In 
like  manner  too,  the  fridion  or  attrition  of  the 
blood  in  the  veins,  and  its  contad  with  their 
fldes,  dirnihifh. 

§.  14 1.  Butflncc  the  blood  moves  thus  flow- 
ly  in  the  lead  arterial  yeflels  and  incipient  veins, 
.and  as  the  weight  of  the  blood  itfelf,  in  many 
places,  wonderfully  hinders  its  return  to  the 
heart,  while,  at  the  fame  time,  the  very  thin 
coats  of  the  veins  have  but  little  contradils 
power  to  be  expeded  from  them ; therefore, 
nature  has  ufed  various  precautions,  left,  from 
the  fiownefs' of  its  motion,  it  fhould  any  where 
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^agnate  or  concreet.  To  obviate  this,  fhe  has 
not  only  furnifhed  them  with  valves,  but  alfo 
fupplied  the  veins  with  more  watry  vapours  and 
fluxile  lymph,  than  die  probably  fent  by  the 
arteries,  if  we  confider  the  great  exhalation 
that  is  made  from  the  arterial  blood  in  the 
lungs. 

§.  142.  She  has,  therefore,  likewife  placed 
the  veins  near  the  mufcles,  that,  by  the  tur- 
gefcence  or  contractions  of  the  latter,  the 
veins  may  be  preffed  ; and  lince,  by  reafon  of 
the  valves,  (§.  52  to  57.)  any  preflure  upon, 
the  veins  muft  be  determined  towards  the  heart, 
(§.  55.)  therefore  all  this  force  will  be  en- 
tirely employed  in  accelerating  the  return  of 
the  blood  to  the  heart.  From  hence  proceeds 
that  wonderful  quicknefs  of  the  pulfe,  (§.  137.) 
heat,  and  rednefs  of  the  body,  with  a {hort 
and  laborious  breathing,  that  attends  the  muf- 
cular  motions  or  violent  exercifes  of  body. 

REMARK. 

The  contractions  of  the  aorta  appear  to  urge  for- 
wards the  blood  from  the  heart,  by  fucceffively 
acting  towards  the  extremities ; whence  the  elafti- 
city  of  the  arteries  proves  a great  help  to  the  mo- 
tion of  the  blood,  and  for  keeping  it  in  an  even 
ftream,  like  the  jet  of  a fire-engine.  In  a ftate  of 
reft,  the  veins  ufually  contain  above  twice  as  much 
blood  as  the  arteries  ; and  as  they  eafily  dilate 
upon  violent  exercife,  by  which  the  larger  arteries 
become  almoft  empty,  but  the  fmaller  very  full ; 
they  will,  upon  occafton,  enlarge  their  capacity 
with  refpeCt  to  that  of  the  arteries,  as  two  and  an 
half  to  one,  which  proportion  they  fhow  by  in- 
jections j but  then  you  muft  confider  this,  as  a ftate 
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of  the  utmoft  violence  and  fulnels.  However,  upon 
occafion,  the  veins  will,  without  much  difficulty, 
dilate,  as  a refervoir  to  the  right  fide  of  the  heart, 
Efficiently  to  hold  four  or  five  pounds  of  blood 
above  their  ufual  quantity,  that  in  reft  ferves  to 
fill  the  larger  arterial  trunks.  For  unlefs  there  was 
a provifion  for  this  redundant  quantity,  which,  by 
violent  exercife,  is  brought  from  a flow  motion  in 
the  cells  and  leaft  veffels,  into  a quick  rapid  cir- 
culation in  the  trunks  and  large  branches,  the  ani- 
mal ufed  to  much  reft  would,  by  violent  exercife, 
be  fuffocated  by  a rupture  or  other  extravafation 
in  the  lungs,  brain,  eyes,  liver,  &c.  where  the 
veffels  refift  leaft,  or  are  of  the  tendered  fabric. 
This  being  confidered,  as  there  is  fo  ample  and 
wife  a provifion  for  preventing  the  fatal  effects  of 
fudden  fullnefs,  by  the  eafy  dilatability  of  the 
veins,  I am  perfuaded,  many  of  our  modern  apo- 
plexies come  from  one  or  both  the  carotid  or  ver- 
tebral arteries,  being  cramped  with  a convulfive 
force,  as  in  . other  mufcles,  by  which  they  urge 
forwards  their  contents,  from  the  part  where  the 
cramp  begins,  with  fuch  violence,  as  fuffices  to 
caufe  a rupture  or  extravafation  from  the  extremi- 
ties of  that  trunk  : and  this  is  the  reafon,  why 
bleeding  is  often  of  fo  little  ufe  to  remove  the 
caufe,  which  would  looner  remove  by  a more  pain- 
ful ftimulus,  (as  fome  burning  cinders  put  direct- 
ly to  the  hands  or  feet,  ’till  blifters,  purges,  cly- 
fters,  &c.  can  be  got).  In  a word,  as  nervous 
diforders  have  increafed  upon  its  of  late  years  to 
an  aftonifhing  degree,  fo  moft  of  our  apoplexies, 
of  late,  are  of  the  nervous  kind.  A fimilar  ar- 
terial cramp  in  the  lungs  caufes  an  haemopthoe  and 
afthma  •,  in  the  liver,  a jaundice  ; in  the  gula  and 
alimentary  tube,  the  hip  and  hyfterical  fits,  &c. 

§.143.  More- 
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§.  i43.Morever,  thofe  mufcles,  which  con- 
ftantly  purge  or  prefs  violently  the  contiguous 
vifcera  on  all  Tides,  that  are  contained  in  any 
of  the  common  venters  or  cavities,  do  all  of 
them  powerfully  promote  the  return  of  the 
venal  blood  to  the  heart.  Such  an  effedt  has 
the  conjunct  preffure  of  the  diaphragm  with 
the  abdominal  mufcles,  in  refpedt  to  the  ab- 
domen. Laftly,  the  pulfations  of  the  arteries, 
which  run  every  where  contiguous  and  parallel 
by  the  Tides  of  the  veins,  have  no  inconfider- 
able  effedt  in  promoting  the  return  of  the  venal 
blood ; Tince,  as  we  have  before  fhewn,  any 
impulfe,  adting  on  the  veins,  can  determine 
their  blood  to  the  heart  only.  V.  §.  53  to  57. 

§.  144.  By  thefe  means,  a Tort  of  equili- 
brium obtains  betwixt  the  arterial  and  venal  fy- 
ftera,  and  betwixt  the  trunks  and  their  branches, 
whereby  the  blood  in  a healthy  perfon,  ufing 
fufficient  exercife  of  body,  moves  on  with  Tuch 
a velocity,  as  fuffices  to  deliver  as  much  of  the 
purple  fluid  in  every  pulfe  by  the  vena  cava  to 
the  heart,  as  is  equal  to  what  is  Tent  out  by 
that  great  artery  the  aorta.  But  reft  or  inadti- 
vity  of  body,  and  a weaknefs  of  the  contradt- 
ing  fibres  of  the  heart  and  other  mufcles  (a- 
mong  which,  the  arteries  themfelves  (§.  44.) 
are  included)  frequently  render  this  motion  of 
the  venal  blood  more  difficult.  Hence  follow 
varices  and  the  piles  in  women  with  child  ; 
which  latter  is  much  occafioned  from  the  defi- 
ciency of  valves,  in  the  veins  of  the  porta. 
And  from  hence  Tpring,  even  the  fymptoms  of 
fullnefsj  and  the  menfes  themfelves.  And 

when 
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when  the.  veins  too  flowly  return  their  blood  to 
the  heart,  the  fubtle  vapours  from  the  leaft 
veffels  irrigating  the  parts,  being  thus  refilled, 
or  fcarce  able  to  return  to  the  heart,  are  obliged 
to  ftagnate ; whence  proceeds  that  frequency 
of  oedematous  and  pitting  fwellings  of  weak 
people. 

REMARK. 

The  contents  of  this  fedtion  are  of  the  laft  im- 
portance, as  a general  key  to  the  more  proximate 
caufes,  and  the  moft  rational  treatments  of  difeafes 
in  general.  We  fee  hence,  that  the  way  to  health 
is  in  moderation  betwixt  too  much  or  too  little 
motion  or  circulation  of  the  blood,  and  its  juices, 
through  the  veffels  •,  to  attain  which,  a perfon  muff 
dedicate,  at  Jeaft,  one  third  of  his  life  to  deep, 
another  to  brifk  exercife,  and  the  remainder  to 
reft  and  refedtion  : excefs  or  neglect  in  either  of 
which,  in  conjundtion  with  other  caufes,  will,  by 
fubftradting  too  much  from  the  blood’s  motion, 
haflen  one’s  end,  by  chronical  and  nervous  difeafes  ; 
or,  by  too  much  acceleration  of  its  motion,  will 
have  the'  fame  effect,  by  acute  inflammatory  dif- 
eafes, and  their  conlequences.  An  idle  perlon, 
that  lives  plentifully,  fhall  breed  too  much  juices, 
which  will  lodge  where  there  is  the  leaft  motion 
ana  refiftance,  i.  e.  in  the  cellular  fubftance  and 
fmaiier  veffels  •,  it  now,  by  a little  more  heat  and 
exercife  than  ufual,  tnefe  are  driven  into  tine  larger 
trunks,  which  have  a lmall  ratio  to  their  branches, 
a fuffocated  plethora  {ad  vafa ) is  changed  into  one 
excited  {ad  vires ) ■,  the  conlequences  of  which  are 
pains,  haemorrhages,  fevers,  and  fymptoms  with- 
out number ; becaufe  a plethora  foon  caufes  a 
eachochymia,  &c. 
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§.  145.  The  effects  which  follow  from  the 
motion  of  the  heart  and  arteries  upon  the 
blood,  are  various,  which  may  be  deduced  and 
eftimated  from  the  caiifes  themfelves  of  thofe 
effedts:  if  we  compare  together  the  blood  of  a. 
living  and  of  a dead  animal,  that  w^ich  is 
healthy  with  that  which  is  difeafed,  and  that 
which  is  inert,  or  too  little  moved,  with  that 
which  circulates  too  fwiftly.— For  we  obferve, 
that,  in  the  living,  the  blood  is,  ( 1.)  Confider- 
ably  warm  or  hot.  (2.)  It  looks  red,  with  a 
fort  of  purple  florid  hue.  (3.)  It  feems  to  be 
homogeneous  or  uniform,  and  alike  in  its  parts, 
though  they  are  really  mixed,  and  of  different 
principles.  (4.)  ’Tis  made  up  almoft  entirely 
of  globules.  (5.)  It  flows  very  readily  thro’a 
the  leaf!  veffels ; from  whence  being  drawn, 
(6.)  it  exhales  a volatile  vapour,  which  we 
fhall  particularly  defcribe,  §.  1 55. — In  the 
dead  animal,  which  has  not  yet  begun  to  cor- 
rupt or  putrify,  we  obferve,  (1.)  that  it  has 
loft  a great  deal  of  its  rednefs.  (2.)  That  it 
feparates  into  a more  denfe  and  a more  thin 
fubftance.  (3.)  That  it  exhales  no  vapour. 
(4.)  Being  drawn  out  from  the  veins,  it  con- 
geals either  all  or  the  greateft  part.  But  even 
in  the  living  animal,  when  very  weak,  where 
there  is  fome  pulfe  or  refpiration,  though  fmall, 
we  find  the  blood  cold,  even  to  a conliderable 
degree.  If,  again,  you  compare  the  blood  of 
a human  perfon,  una&ive  both  in  body  and 
mind,  with  the  blood  of  one  that  is  addicted 
to  violent  exercife,  you  will  obferve  the  latter 
nas,  (1.)  A greater  heat.  (2.)  A moreintenfe 

rednefs. 
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rednefs.  (3.)  A fubftance  more  compact,  and 
fpecilically  heavier.  And,  (4.)  The  volatile  part:: 
more  abundant.  All  which  appearances  feem 
manifeftly  the  effedts  of  the  motion  of  the 
heart  and  arteries,  fince  they  proportionably 
increafe  and  diminifh  with  that  motion,  and 
difappear  when  that  ceafes. 

§.  146.  That  we  may  underfiand  the  man- 
ner in  which  thefe  appearances  are  produced, 
in  the  blood,  we  mull  conlider  what  are  the 
efledls  of  the  heart  impelling  the  fame,  and  of 
the  arteries  alternately  comprefiing  and  urging 
it  forward.  And  firft  we  fee,  that  the  heart 
drives  the  blood  into  the  arteries  with  a celeri- 
ty which  exceeds  that  of  the  moil  rapid  ri- 
vers, (§.  1 1 5.).  With  a confufed  or  vortical 
motion,  the  heart  thus  throws  the  blood  into 
the  crooked  or  inflected  arteries,  in  fuch  a man- 
ner, that  the  right  globules,  expelled  through 
the  opening  of  the  aorta,  flrike  againfl  the  left 
fide  of  the  artery,  from  whence  being  repelled, 
they  incline  towards  the  right  fide,  whereby  all 
the  particles  of  the  blood  are  agitated  with  a 
confufed  or  turbulent  and  whirling  motion. 
The  blood,  thus  impelled  againfl  the  flexile 
and  curved  fides  of  the  arteries,  of  neceflitv 
dilates  or  diflends  them  into  a greater  con- 


vexity ; and  laflly,  in  the  fmaller  veflels,  capa- 
ble of  receiving  only  one  or  a few  of  the  blood- 
globules,  all  the  faid  globules  come  fo  inti- 
mately into  contadl  with,  and  grate  againfl:  the, 
fides  of  the  faid  artery  in  all  their  points,  that 
they  are  even  obliged  to  change  their  figure, 
in  gaining  a pafiage  into  the  veins. 

5 §.  147.  But 
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§.  147.  But  the  arteries,  by  their  elaftic  force, . 
reading  upon  the  impinging  blood,  repel  the 
fame  from  their  fides  towards  the  axis  of  their 
light  or  capacity  j and,  at  laft,  tranfmit  every 
Angle  particle  of  it  through  the  circular  mouths 
of  the  lead  veffels,  by  which  the  arteries  and 
veins  join  together.  • 

§.  148.  There  is,  therefore,  a mod  prodi- 
gious degree  of  fridion,  as  well  of  the  blood- 
globules  againft  the  lides  of  the  arteries,  as  of 
the  arteries  themfelves,  contrading  round  the 
blood,  like  an  obftacle  ; to  which,  add  the  at- 
trition of  the  particles  of  the  blood  amongft 
each  other,  by  the  confined  and  vortical  mo- 
tion with  which  they  are  propelled.  The  ef- 
feds  of  this  fridion  may  be  computed  from  the 
vifcid  and  inflammable  nature  of  the  blood  it- 
felf,  from  the  narrownefs  of  the  veffels,  thro’ 
which  it  runs,  and  from  the  ftrong  impulfion 
of  the  heart,  joined  with  the  powerful  readion 
of  the  arteries ; to  which,  add  the  weight  of 
the  incumbent  parts,  raifed  by  the  force  of  the 
arterial  blood.  This  fridion  generates  a fluidi- 
ty in  the  blood,  by  perpetually  removing  the 
points  of  contad  in  its  globules,  and  refifting 
their  attradion  of  cohefion.  By  deficiency 
herein,  the  blood  coagulates  in  the  veffels  be- 
fore  death  ; and  from  hence,  the  loft  fluidity 
of  the  blood  is  again  reftored,  by  recovering 
the  motion  of  the  heart,  as  we  are  taught  by 
experiments  made  on  living  animals.  We  muft, 
likewife,  own  it  for  the  generating  caufe  of 
heat,  which  conftantly  arifes  from  an  attrition 
of  the  parts  of  all  fluids,  even  of  air  itfelf, 
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by  experiments ; but  much  more  does  this  at- 
trition heat  in  the  elaftic  and  combuftible  ani- 
mal juices,  which  are  denfer  than  water,  and 
compreffed  with  a confiderable  force,  by  con- 
tractile and  converging  tubes.  [Is  not  the  truth 
of  this  fufficientl-y  evidenced,  by  the  blood’s 
being  warm  in  thofe  fifh  which  have  a large 
heart ; and  cold  in  fuch  as  have  a fmall  one  ? 
from  the  more  intenfe  heat  of  birds  that  have 
a larger  heart,  and  more  frequent  or  quick 
pulfations  ? and  from  the  increafe  of  animal 
heat,  that  enfues  from  exercife  of  all  kinds, 
and  even  from  bare  friction  of  the  parts?]  That 
this  animal  heat  is  generated  chiefly  in  the 
lungs,  we  are  perfuaded  by  many  arguments, 
which  we  fhall  propofe,  when  we  come  to 
fpeak  of  the  refpiration.  At  the  fame  time, 
by  this  rotation  and  mutual  attrition,  the  par- 
ticles of  the  blood  acquire  their  fpherical 
figure ; and  even  the  filamentary,  rough,  and 
irregular  fhaped  particles,  having  their  emi- 
nencies,  in  a great  meafure,  ground  fmooth, 
approach  nearer  to  the  nature  of  fpheres.  But 
again,  the  fragments,  from  the  furfaces  of  the 
irregular  fhaped  particles,  will,  by  this  friftion 
and  rotation,  with  the  fpherical  lights  of  the 
fmaller  vefiels,  put  on  a round  figure. 

§.  149.  But  the  different  natures  of  the  fe- 
veral  particles  themfelves,  which  conjuntfth 
make  up  the  mats  of  blood,  are  the  caufies 
whereby,  from  one  and  the  fame  impetus  of 
the  heart,  different  effeCls  or  confequences  are 
produced  in  different  particles  of  the  blood. 
Namely,  thofe  particles  move  quicker,  whofe 

greater 
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greater  denfity  makes  them  receive  a greater 
impetus,  and  whofe  apt  figure  or  lefs  extend- 
ed furface  makes  them  meet  with  lefs  refi- 
fiance  in  the  fluid,  in  .which  they  move.  Thofe 
alio  are  drove  along  more  fwiftly,  which,  ei- 
ther from  their  weight,  or  from  the  diredfion 
in  which  they  pafs  out  from  the  heart,  are 
urged  chiefly  into  the  axis  of  the  veflfel.  Thofe 
again  will  ftrike  againfl:  the  convexities  of 
the  flexures  in  the  arteries,  which  have  the 
greatefl:  projedtile  motion ; while  the  ether 
parts  of  greater  bulk  and  tenacity,  having  lefs 
projedtile  motion,  will  move  fluggilhly  along  the 
concavity  of  the  veflel.  And,  in  this  manner, 
is  the  blood  prepared  or  difpofed  for  the  fe- 
veral  fecretions. 

§.  1 50.  The  fyflole  of  the  arteries  renders 
the  parts  of  their  contained  fluids  more  denfe 
or  compact,  while  they  contradt  round  the 
blood,  as  round  a folid  obftacle,  which  being 
in  fome  parts  vifeid  and  compreffible,  they 
drive  and  expel  the.  more  liquid  parts  into  the 
lateral  mouths  or  dudts,  at  the  fame  time  in- 
creafing  the  points  of  contadt  betwixt  the  glo- 
bules themfelves,  uniting  together  their  more 
large  and  denfe  fpherules,  and  compadting  the 
flat  particles  into  denfer  bodies.  From  this 
denfity,  the  rednefs  of  the  blood  feems  chiefly 
to  proceed  ; for  that  it  is  not  merely  the  effiedt 
of  the  lungs,  we  are  afliired,  from  obferving 
the  fame  in  fifh,  who  have  no  lungs  ; but  that 
the  blood’s  rednefs  follows  from  its  increafed 
denfity,  we  are  afliired  from  the  philofophical 
laws  and  optical  experiments  of  Sir  IfaacNew- 
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ton  and  from  experience  itfelf,  which  fhows 
us,  that  both  the  denfity  and  the  rednefs  of 
the  blood  are  always  increafed  together,  by  in- 
creafing  the  exercife  and  motion  of  the  mufcles, 
or  even  barely  by  accelerating  the  jet  or  ftream 
of  blood,  that  defcends  in  a large  arch  from 
the  vein  into  a vefTel. 

§.  1 5 1.  Moreover,  the  mouths  of  the  lead; 
veflels,  pervious  to  only  one  globule  at  a time, 
feem  to  be  a fort  of  moulds  to  figure  and 
break  off  the  angular  eminencies  of  the  par- 
ticles in  the  blood,  and  bring  them  to  a fphe- 
rical  figure,  w.hich,  at  length,  they  put  on, 
and  change  into  perfect  fpherules.  Laftly,  from 
hence  arifes  the  denfity  of  thole  particles,  fince 
of  all  figures,  fpheres  contain  the  mod:,  with- 
in a given  furface. 

§.  152,  The  reticular  didributions  and  inos- 
culations of  arteries  § 37.)  removes  any  dan- 
ger of  obdrudion,  fince,  in  any  part  of  the  ar- 
tery, where  the  blood  cohering,  begins  to  form 
an  obdrudion,  a ^ontrary  flux  is  admitted, 
whereby  the  obftruding  matter  is  repelled  to 
a larger  part  of  the  trunk,  and  thus,  betwixt 
the  reflux  and  the  dired  torrent  of  the  blood, 
the  faid  matter  is  broke  and  attenuated.  This 
mechanifm  alfo  fupplies  the  deficiency  from  an 
irremoveable  obllrudion  or  the  lofs  of  a veflel, 
by  caufing  a greater  didention  or  enlargement 
of  the  next  adjoining  or  anaflomofing  veflel ; 
as  is  proved  by  experience  in  furgery,  after  ty- 
ing and  cutting  a great  artery. 

§.  153.  As  the  quicker  motions  of  the  blood 
in  the  trunks  conduce  to  fanguification,  fo  the 
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flower  motions  of  it,  in  the  leMt  veffels,  have 
their  effects  towards  the  fecretions.  In  the 
larger  arteries,  we  fee  the  different  particles 
of  the  blood  are  whirled  about  amongft  each 
other,  with  a rapid  and  confufed  motion  ; but, 
in  the  leffer  ramifications,  the  progreffive  mo- 
tion of  the  blood  being  diminished,  the  more 
loofe  colourlefs  particles  depart  laterally  from 
the  more  denfe  and  red  globules,  while  the 
latter,  keeping  on  their  courfe  more  firmly  a- 
long  the  axis  of  the  veffel,  expel  the  former 
laterally,  and  to  the  circumference.  Thus  the 
attractive  powers  of  the  particles  in  the  blood 
increafe,  as  their  progreffive  motion  abates ; 
hence,  the  oily  or  fat  particles  are  drawn  one 
to  another,  and  go  off  by  the  open  lateral  duCts, 
which  lead  to  the  cellular  fubftance,  which  par- 
ticles we  know  are  both  grofs  and  fluggifh  : and 
again,  other  thinner  juices  are  fent  off  through 
lateral  branches  of  a much  Smaller  orifice,  ’till, 
at  length,  little  more  than  the  red  blood  alone 
remains  to  pafs  through  the  evanefcent  artery, 
into  the  incipient  vein.  But  all  thefe  particu- 
lars, whereby  the  blood  is  difpofed  for  the  fe- 
cretions, we  Shall  confider  more  opportunely 
hereafter,  in  LeCture  VIII. 

REMARK. 

Dr.  Clifton  Wintringham,  in  his  experimental 
enquiry  concerning  the  arteries  and  veins,  has  given 
us  Several  observations  worthy  of  notice  the  prin- 
cipal of  which  are,  That  the  veins  are  denfer  in 
their  membranes  than  the  arteries : the  aorta  of  a 
young  man  dead  48  hours  weighed  to  water  as  106 
to  100,  and  the  vena  cava  to  water  was  110  to 
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100.  The  thicknefs  of  the  aorta  was  one  ninth  of 
an  inch,  but  of  the  cava  only  of  an  inch  ; fo 
the  artery  appears  thicker  than  the  vein  as  17  to 
one.  Thus  the  arteries  being  lefs  denfe  than  the 
veins,  are  better  adapted  to  continue  the  actions  of 
life  a longer  time,  without  growing  rigid  and  bony 
or  cartilaginous,  by  the  impulfe  of  the  blood  a- 
gainft  their  fides : for  had  the  arteries  been  origi- 
nally as  denfe  as  the  veins,  the  animal  could  not 
have  lived  fo  long.  For,  by  his  fecond  propofition, 
it  appears  experimentally,  that  the  arteries  are  more 
denfe  and  rigid,  as  the  animal  grows  older,  where- 
by, w'hen  their  refiftance  equals  the  diftrabtile  force 
o!  the  heart,  they  determine  the  fize  and  growth 
of  the  perfon,  (§.  252.).  For  in  young  perfons, 
the  vefiels  are  obliged,  by  their  conical  figure,  to 
yield  more  in  length,  than  diameter,  to  the  di- 
lfending  force  of  the  heart ; but  when  the  firmnefs 
oi  the  arterial  coats  can  fuftain  the  impulfe  of  the 
blood,  without  an  elongation  of  their  fibres,  the 
perfon  grows  no  taller.  As  thofe  arteries,  which 
fpring  neareft  from  the  aorta,  have  a greater  fhare 
of  the  heart’s  impulfe,  they  are  therefore  more 
denfe  than  their  next  collateral  or  fmaller  branches, 
which,  being  gradually  more  lax  and  eafily  diften- 
dible,  is  one  caufe  of  the  blood’s  flowing  fo  readily 
from  the  trunks  into  the  arterial  branches.  Thus, 
generally,  the  fluids  prevailing  over  the  folids  for 
the  firft  20  years,  the  perfon  will  be  fo  long  grow- 
ing ; and  then,  for  20  years  more,  the  perfon  will 
be  nearly  at  a Hand,  from  the  equilibrium  of  the 
folids  and  fluids,  which  now  admit  only  a lateral 
diftention,  by  which  the  perfon  grows  not  in  height, 
but  increafes  in  bulk  (which  is  not  properly  growth, 
as  it  fprings  not  from  any  folid  concrement, 
but  an  accumulation  of  fat  and  juices,  that  was 
formerly  fpent  in  growth) ; and  then,  for  20  years 
more,  the  folids,  by  repeated  adfion,  being  grown 

too 
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too  denfe,  the  equilibrium  turns  on  their  fide,  the 
fat  and  juices,  formerly  collected,  are  now  confum- 
ed  and  expelled  by  the  greater  power  of  the  veflels ; 
and,  as  we  fee  from  experiments,  the  fmaller  vef- 
fels,  concreting  into  folid  fibres,  make  the  arterial 
coats  much  thicker  and  tougher  in  old,  than  young 
fubjedts  : in  confequence  ol  this,  the  force,  to  ex- 
cite any  degree'  of  motion  in  young  animals,  mult 
be  increafed  to  produce  an  equal  efl'ebt  on  the  fibres 
and  vefiels  of  an  old  one.  Hence  we  fee  a greater 
influx  of  fpirits  is/ieceflary  to  adluate  the  organs  of 
an  old  perfon,  which  yet  cannot  be  now  fecreted 
by  a brain  more  callous  and  impervious,  from  a 
blood  lefiened  in  its  proportion,  ill-circulated  and 
ill-formed  by  a weaknefs  and  inadlivity,  now  ob- 
taining in  both  the  fanguificative  and  chylificative 
organs,  &c.  Hence  a ceafing  of  the  fecundity  and 
menfes  in  women,  a collapfed  or  fhrivelled  habit 
in  old  men,  univerfal  torpor,  tremors,  &c.  And 
thefe  experiments  alfo  furnifh  one  reafon,  why  con- 
fumptions,  from  a rupture  of  the  pulmonary  vef- 
fels,  feldom  happen  before  the  age  of  20  or  after 
40 ; becaufe,  in  the  firft  ftage,  the  redundance  of 
juices  is  employed  in  the  growth;  and,  in  the  laft, 
the  over  denfe  fibres  and  vefifels  do  not  fo  eafily 
break  or  yield  to  the  impelled  fluids.- — -An  inch 
of  the  aorta  from  a young  man  burft  with  the  force 
of  131  pounds,  10  ounces.  The  aorta  of  males 
is  near  a fifth  part  denfer  and  tougher  than  in  fe- 
males ; but  the  veins,  as  in  the  cava,  only  a fixth 
or  feventh  part.  But  even  the  aorta  is  lefs  denfe, 
or  more  eafily  dilatable  near  the  heart,  than  its 
branches.  So  by  experiments,  we  fee  it  is  ajuft  ob- 
fervation  of  Dr.  Pitcairn  and  Friend,  that  the  in- 
ferior feries  of  veflels  are  proportionably  more  ca- 
pacious (a  fifth  or  fixth  part)  in  females  than  males, 
and  in  companion  with  the  upper  feries  of  veflels  *, 
whence  a greater  flow  of  blood  for  the  foetus  and 
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menfes.  But  the  veins  in  females  are  fmaller,  fo 
that  the  blood  moves  fafter  in  a woman’s  veins, 
and  flower  in  her  arteries,  whereby  its  fluidity  is 
better  maintained,  and  its  texture  lefs  vitiated  by 
the  numerous  obftrudions  that  attend  geftation. — - 
The  extrordinary  capacity  of  the  cava  above  the  e- 
mulgents,  beyond  that  of  the  aorta,  being  nearly 
as  two  and  an  half  to  one,  makes  it  of  Angular 
fervice  as  a refervoir  to  colled;  the  blood,  or  fupply 
the  heart  in  weaknefs,  and  prevent  a furcharge  in 
running,  {training,  fullnefs,  fevers,  &c. — -—Ana- 
tomifts  have  erroneously  fuppofed  the  ftrength  of 
arteries  and  veins  to  decreafe  in  proportion,  as 
they  grow  lefs  in  thicknefs ; for,  by  experiments, 
it  appears  the  thinneft  veSTels  have  often  a much 
greater  degree  of  compadnefs  and  ftrength,  pro- 
portionably  than  the  larger  •,  and  fome  whofe  coats 
are  extremely  thin,  exceed  in  ftrength  the  aorta, 
whofe  coats  are  ten  times  as  thick.  The  emul- 
gent  artery  was  found  a filth  or  fixth  part  Stronger 
than  the  aorta  at  the  heart  •,  and  the  emulgent  vein 
was  two  thirds  Stronger  than  the  cava.  The  porta 
was  Stronger  than  the  Splenic  vein  nearly  as  5187 
to  1000.  The  Splenic  artery  was  Stronger  than  the 
iliac  nearly  as  148  to  100  •,  but  the  iliac  vein  was 
Stronger  than  the  lplenic  as  35  to  10  nearly,  and 
the  emulgent  artery  was  Stronger  than  the  iliac  ar- 
tery as  1376  to  1 000.  In  a word,  the  arteries  are 
infinitely  diverfified  as  to  their  ftrength  and  capa- 
city, obferving  no  regular  proportion  ; whence  it 
is  absolutely  impracticable  to  account  for  the  Se- 
cretions thence. The  veflfels  of  the  pericranium, 

dura  mater,  pleura,  and  all  denfe  membranes, 
elpecially  thofe  attached  to  bones,  Shall  have  a vio- 
lent degree  of  pain  from  a diltention,  that  will 
not  affect  other  veSTels  \ becaufe  the  former,  yield- 
ing in  points  leaft  refifted,  will  not  dilate  in  a 
Sphere,  but  an  ellipsis  cr  a lefs  figure;  whence  the 

reaction 
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reaction  of  the  refilling  parts  will  be  turned  upon 
thofe  that  yield,  whereby  the  diftradtion  and  pain 
will  be  double,  if  only  half  the  veflel  can  dilate. 
Hence  we  fee,  why  pain  may  be  in  fome  vefiels 
and  not  in  others,  coming  from  the  fame  trunk, 
and  urged  by  the  fame  diftending  caufe  : and  why 
pain  is  more  violent  in  ftridl,  tenfe  habits,  than 
where  the  the  fibres  are  lax,  &c. 
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LECTURE  VII. 


Of  the  nature  of  the  blood  and  juices  of  the 
human  body. 

§.  154-T^HE  very  complex  liquor,  which 
is  contained  in  the  bpating  arte- 
ries and  their  correfponding  veins,  is  called,  by 
one  general  name,  the  blood , which,  to  a loofe 
examination,  appears  homogeneous,  or  of  li- 
milar  parts,  red  and  coagulating  throughout. 
But  experiments  of  divers  kinds  have  fhown 
us,  that  difiimilar  parts  of  various  natures  re- 
side in  the  composition  of  this  animal  liquor. 

§.  155,  Hydroftatical  experiments  demon- 
ftrate  in  the  blood  firft  a kind  of  volatile  va- 
pour or  exhalation,  which  immediately  and 
continually  flies  off  from  the  warm  juice,  with 
a fort  of  foetid  odour  coming  betwixt  that  of 
the  i'weat  and  urine.  This  vapour,  being  catch- 
ed  and  condenfed  in  proper  veflels,  appears  of 
a watry  nature,  joined  with  a fmall  tincture  of 
an  alcaline  difpofition. 

REMARK. 

This  halitus  of  the  blood  confifh  of  an  ammo- 
niacal  fait,  fo  attenuated  as  to  be  volatile,  without 
altering  its  nature  much  to  the  alcaline  clafs;  which, 
joined  with  a fmall  portion  of  oil  and  much  water, 
affords  that  remarkable  nidorous  fmell  upon  open- 
ing a dog,  hog,  or  other  carnivorous  animal, 
whilfl  warm  ; for  in  oxen,  fheep,  calves,  &c.  feed- 
ing on  grafs  or  grain,  it  has  fcarce  any  perceptible 
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fmell ; but  in  mankind,  it  has  a very  particular 
odour,  flying  off  chiefly  in  the  peripiration,  by  the 
fcent  of  which,  every  dog  can  diftinguifh  and  fol- 
low the  foot-fteps  of  his  maker. 

§.  156.  After  this  vapour  is  gone  off,  the 
blood  of  a healthy  perfon  fpontaneoufly  con- 
geals into  a fciffile  trembling  mafs ; and  with  a 
lefs  degree  of  heat  than  that  of  boiling  water, 
(viz.  150  gr.  i.  e.  62  lefs  than  boiling  water)  it 
grows  more  tough,  like  to  a boiled  egg. 
But  even  within  the  veffels  of  a living  perfon, 
dying  of  a fever,  the  blood  has  been  feen  by 
the  violence  of  that  diftemper,  changed  into  a 
concreted  tremulous  jelly  throughout  all  the 
veins.  The  principal  part  of  this  coagulated 
mafs,  is  the  craffamentum  or  cruor , which  has 
the  red  colour  peculiar  to  itfelf,  and  gives  it  to 
the  other  parts  of  the  blood.  This,  if  it  be 
not  kept  fluid  by  the  attrition  of  a vital  circula- 
tion, or  fome  fimilar  concuffion,  runs  confufedly 
into  a compact!,  but  foft  mafs,  merely  by  rek 
and  a moderate  degree  of  cold,  as  it  alfo  does 
by  the  addition  of  alcohol,  by  mineral  acids, 
or  by  a heat  of  1 50  degrees,  [of  which  98  is 
the  blood’s  heat  in  robufl;  people  ; 175  boil  al- 
cohol vini;  190  boil  proof  brandy;  and  212 
boil  fpring  water.]  ’Tis  either  as  a fluid  or  a 
folid  fpecifically  heavy,  and  more  fo  than  wa- 
ter, by  near  an  eleventh  part ; and  when  freed 
from  its  water,  it  is  wholly  inflammable.  In 
a mafs  of  healthy  blood,  one  half  or  upwards 
is  red  cruor  ; and  in  flrong  laborious  people, 
the  ferum  makes  only  a third  part,  and  is  kill 

more 


138  Nature  of  tbe  Blood. 

more  diminished  in  fevers,  often  to  a fourth  or 
fifth  part  of  the  mafs. 

§.  157.  Next  to  this  comes  the  white  or  clear 
and  the  yellowish  part  of  the  blood,  which 
again  feems  to  be  a liquor,  confifting  of  ho- 
mogeneous or  fimilar  parts,  when  it  is  not 
really  fo.  This  ferum  (as  it  is  called)  of  the 
blood  is,  in  general,  one  thirty  eighth  part 
heavier  than  water,  and  almoft  a twelfth  part 
lighter  than  the  red  globular  mafs  of  crafia- 
mentum  : this  too,  by  an  heat  of  1 50  gr.  or  by 
mixture  of  mineral  acids  or  alcohol,  and  by  a 
eoncuflive  motion  is  congealable  into  a much 
harder  coagulum  than  the  red  cruor  (§.  1 56.),  or 
mixed  mafs  (§.  154.);  and  forms  an  undiflolvable 
glue,  a flefh-like  membrane,  which,  at  length, 
Shrinks  up  to  a horn-like  fubftance.  From 
thence  are  formed  the  pleuritic  cruft  or  Skins, 
polypufies  and  artificial  membranes.  In  this  fe- 
rum of  the  blood,  befides  the  albumen,  which 
will  harden  like  the  white  of  an  egg,  there  is 
concealed  a great  deal  of  Simple  water , which 
even  makes  the  bigger  part  of  the  whole,  and 
fome  quantity  of  a ropy  mucus , drawing  out 
into  long  filaments,  like  Spiders  threads ; which 
laft,  however,  is  not  coagulable  like  the  albu- 
men, neither  by  fire  nor  by  acids. 

§.  158.  But  by  putrefaction  only,  or  the 
diffolving  power  of  the  air  hot  to  96  gr.  equal 
to  the  blood’s  natural  heat,  the  whole  mafs, 
but  efpecially  the  ferum,  diffolves  or  melts  into 
a foetid  liquor,  firft  the  ferum,  and  then  the 
cruor  more  Slowly  till,  at  length,  the  whole 
mafs,  both  of  ferum  and  cruor,  are  turned 

into 
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Into  a volatile  and  fetid  exhalation,  leaving 
very  few  feces  behind.  When  the  blood  has 
been  once  diffolved  by  putrefaction,  there  is  no 
artifice  can  harden  or  congeal  it ; as  there  is 
none  likewife  that  can  refolve  it  again,  after  it 
has  been  once  coagulated  by  fpirits  of  wine. 
[The  natural  gelatinous  denfity  and  cohefion 
of  the  blood  is  diffolved  in  malignant  and  con- 
tagious fevers.] 

§.  159.  Befides  thefe  parts  of  which  the 
blood  appears  to  confill,  without  fubj  editing  it  to 
any  violence,  it  contains  in  its  fubftance  a quan- 
tity of  fea-falt , which  is  difcernable  to  the  tafle, 
and  fometimes  vifible  by  the  microfcope.  The 
fine  chalky  earth , lodged  in  the  blood,  is  de- 
monftrated  from  its  affording  the  matter  of  nu- 
trition and  from  a chemical  analyfis,  whereby 
it  appears  to  lodge  in  the  moil  fluid  parts  of  it, 
and  is  more  efpecially  intimately  combined  in 
great  plenty  in  the  oily  parts  of  the  blood. 
Another  part  in  the  blood  is  air * in  an  unelaftic 
fete,  and  that  in  a very  confiderable  quantity  ; 
[/o  the  weight  of  haij  a fcruple  in  an  ounce ] the 
exiftence  of  which  air,  in  the  blood  and  ferum, 
is  proved  by  their  putrefaction  and  diflillation, 
or  by  removing  the  ambient  air  from  them  by 
the  pump.  But  we  are  not  to  think  from 
hence,  that  the  blood-globules  are  bubbles  full 
of  air,  for  they  are  fpecifically  heavier  than  the 
ferum,  and  make  no  dilatation,  by  taking  off 
the  preffure  of  the  atmofphere  from  them  by 
the  pump.  [Laftly,  it  appears  from  late  expe- 
riments, that  the  caput  mortuum  or  afhes  of 
the  blood  are  repleat,  with  a fort  of  iroa, 

which 
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which  the  load-ftone  will  attract ; and  which 
being  found  alfo  in  the  alhes  of  vegetables, 
as  well  as  animals,  and  in  mod:  earthy  bodies, 
is,  therefore,  by  fome,  reckoned  an  element  or 
conftituent  principle  of  bodies.] 

R E M A R K. 

* The  air,  as  a fixed  element  in  the  compofition 
of  folid  and  fluid  bodies,  has  been  generally  over- 
looked by  philofophers,  and  even  by  the  chemifts, 
who  have,  above  all  feels,  gloried  in  their  know- 
ledge of  principles  or  elements ; until  Mr.  Boyle, 
Sir  I.  Newton,  and  more  elpecially  Dr.  Hales,  by 
many  curious  and  ufeful  experiments,  demon- 
ftrated,  that  a great  part  of  the  fubftance  of  mod 
bodies,  in  feveral  to  half  their  weight,' is  a perma- 
nent or  unelaftic  air,  which  being  freed  [either  (1.) 
Jlowly,  by  the  air-pump,  putrefaction,  fermenta- 
tion, diftillation,  &c.  or  (2.)  fuddenly , by  explo- 
fions,  fulminations,  ebullitions,  mixtures,  &c.] 
from  the  other  folid  particles,  affumes  its  elafticity, 
and  fills  an  immenfe  fpace,  in  comparifon  of  the 
body  from  whence  it  came.  Among  other  experi- 
ments, Dr.  Hales  found  a cubic  inch  of  blood,  in 
diftillation,  afforded  above  30  times  its  bulk  of 
elaftic  air  •,  whofe  particles  are,  in  effedl,  the  wedges 
of  nature,  which,  depofing  their  elafticity,  pin 
and  cement  together  the  other  elements  (V.  remark 
ad  §.  2.)  and  particles  of  bodies  for  their  growth 
or  accretion  •,  and,  under  other  circumftances,  re- 
gaining their  elafticity,  ferve  to  break  and  repel 
again  thole  parts  for  the  deftrudtion  or  diffolution 
of  the  compound,  whofe  matter  may  be,  by  the 
fame  inftrument,  again  differently  affembled  and 
combined  for  the  forming  of  other  bodies.  In  ge- 
neral, the  nitre  contains  moft  air  among  the  foffil 
falts,  which  being  fet  fuddenly  at  liberty,  by  ex- 
piofion,  gives  the  force  of  gunpowder  ; among  ve- 
getables. 
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getables,  tartar  is  half  its  weight  air,  above  eight 
gallons  in  an  ounce ; and  the  fame  proportion  of 
air  is  there  in  human  calculi,  from  the  gout,  kid- 
neys, or  gall  bladder ; next  to  thefe,  the  bones 
have  moll,  the  folids  more  than  the  fluids,  the 
crafiamentum  than  the  ferum,  &c.  See  more  of 
this  in  the  vegetable  and  hasmaftatics  of  Dr.  Hales, 
which,  for  their  copious,  new,  curious  and  ufeful 
matter,  deferve  a place  in  every  Phyfician’s  library. 
Some  poifons  difpofe  the  permanent  air-particles  to 
turn  elaftic,  and  feparate  from  the  animal  juices, 
with  which  they  are  incorporated  ; whence  a won- 
derful turgefcence  of  the  cellular  fubftance  and 
fmalf  veflels  throughout  certain  parts,  or  through 
the  whole  habit.  And  hence,  from  the  ftagnant 
and  putrefcent  juices,  may  arife  emphyfematous 
tumours,  and  a tympany  of  the  abdomen ; how 
much  foever,  fome  furgeons  may  ridicule  the  no- 
tion and  name  of  thofe  diftempers.  There  is, 
without  doubt,  a circulation  of  fixed  air,  abforbed 
by  the  inhaling  veflels  of  the  lungs,  alimentary 
tube,  and  fkin  ; and  the  lungs  probably  exhale 
again  fuch  particles,  as  regain  their  elafticity  in  the 
blood.  For  that  there  often  are  fuch  elaftic  parts 
of  air  in  the  blood,  efpecially  after  drinking  flatu- 
lent wines,  cyder,  &c.  I am  very  certain,  from  the 
collifion  and  rattling  I have  often  heard  them  make 
in  the  auricles  or  ventricles  of  my  heart ; which  I 
frequently  humoured  and  varied  by  different  ge- 
ftures  of  the  thorax,  and  degrees  of  refpiration; 
and  I know  not  what  could  become  of  this  air,  un- 
lels  it  efcaped  by  the  lungs,  or  was  abforbed  again 
as  a folid  by  the  blood. 

§.,  160.  Among  other  bodies,  chemiftry  has 
various  ways  endeavoured  to  (how  us  the  na- 
ture and  principles  of  the  blood  ; which,  being 
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frefh  drawn,  and  diftilled  with  a flow  heat, 
[gr.  212,  or  below  boiling  water]  yields  a 
water  to  the  quantity  of  five  parts  in  fix  of  the 
whole  mafs ; which  water  has  little  or  no  tafte 
or  fmell,  ’till  you  come  towards  the  end  of  the 
operation,  when  it  is  proportionably  more 
charged  with  a foetid  oil,  as  it  draws  nearer  to 
a conclnfion.  (2.)  What  remains  after  you 
have  drawn  off  this  water,  being  expofed  to  a 
ftronger  fire,  yields  various  alcaline  liquors ; 
of  which  the  fir  ft  being  acrid,  fcetid,  and  of 
a reddifh  colour,  is  ufually  called  the  fpirit  of 
.blood ; confiding  of  a volatile  fait,  with  fom« 
little  oil,  dilfolved  in  water,  to  the  amount  of 
one  fiftieth  part  of  the  whole  original  mafs  of 
blood.  (3  ) A little  before  and  together  with 
the  oil,  that  next  afcends  in  the  diftillation,  a 
dry  volatile  fait  ariles  and  adheres  in  branchy 
fleeces  to  the  neck  and  fldes  of  the  glafs ; and 
this  in  but  a fmall  proportion,  lefs  than  an 
eightieth  part  of  thd  firlf  mafs.  (4.)  The  next 
liquor  is  that  called  oil  of  human  blood,  which 
afcends  gradually  thicker  and  heavier,  at  firff 
yellow,  and  afterwards  darker  to  a black,  ’till, 
at  laft,  it  refembles  pitch  ; being  very  acrid  and 
inflammable,  but  in  a fmall  quantity,  about  a 
fiftieth  of  the  whole  mafs.  (5.)  What  now 
remains  of  the  blood,  in  the  bottom  of  the  re- 
tort, is  a fpongy  inflammable  coal  or  cinder, 
which  being  kindled  burns  away,  and  leaves 
alhes  behind  ; which,  being  diffolved  into  a 
lixivium  with  wrater,  affords  a mixed  fait,  partly 
fea-falt  and  partly  fixed  alcaly,  leaving  a mere 
dead  earth  in  the  filter.  This  fixed  fait  isfcarce 

the 
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the  five  hundredth  part  of  the  firft  mafs,  and 
has  in  itfelf  only  one  fourth  part  alcaline  : but 
being  urged  with  the  moft  intenfe  degrees  of 
fire,  the  whole  fait  affords  fome  portion  of  an 
acid  fpirit  j which  we  judge  to  arile  partly  from 
the  fea-falt  in  the  blood,  fome  of  which  is  de- 
monftrable  even  in  the  fpirit  of  blood,  and 
partly  from  the  vegetable  kind  of  the  aliments, 
not  yet  digefted  into  an  animal  nature.  For 
which  laft  reafon,  an  acid  is  procurable  from 
the  blood  of  graminivorous  animals,  as  well  as 
from  that  of  man . But  the  earth , feparated  from 
the  lixivium  by  filtration,  will,  perhaps,  make 
about  one  hundred  and  fiftieth  part  of  the  original 
mafs ; and  contains  fome  particles  which  are  at- 
tracted by  the  load-done.  The  ferum  only  of 
the  blood,  by  diftillation,  alfo  affords  altogether 
the  fame  principles ; only  the  water  is  more 
abundant,  as  the  oil  and  earth  are  in  a lefs 

REMARK. 

Add  to  thefe,  another  very  confiderable  principle 
of  the  blood,  even  three  times  the  weight  of  the 
earth  it  contains,  and,  when  feparated,  near  40 
times  the  bulk  of  the  whole  mafs,  [to  which  add, 
the  elementary  tether  or  fire,  §.  2.*]  viz.  the  per- 
manent air,  which,  as  we  before  obferved,  (remark 
to  §.  159.)  is  ufually  overlooked,  becaufe  it  arifes 
invifibly  in  the  diftillation  •,  though,  if  the  vefiels 
are  too  clofe  luted,  or  the  fire  urged  too  brifkly, 
it  will  generally  make  the  operator  hear,  at  leaft,  if 
not  feel  it,  by  burfting  his  glaffes.  Obferve  again, 

* V.  Remark  to  §.  2,  number  2.  which  never  lofing  its 
elafticity,  as  does  the  air,  is  the  firft  and  great  univerfal 
agent  that  actuates  the  reft  of  the  elements  for  varying  the 
face  of  nature. 
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that 


t 44  Nature  of  the  Blood. 

that  thefe  are  not  the  natural,  but  faditious  prin- 
ciples of  the  blood,  i.  e.  to  fay,  they  have  neither 
the  fame  forms,  nor  the  fame  properties,  when 
they  are  combined  together  to  make  blood,  as  they 
appear  to  acquire  by  an  artful  feparation.  We  can 
only  fay,  that  fuch  a number  and  proportion  of 
the  more  fimple  or  elementary  fubftances  of  the 
univerfe,  concur  to  make  the  natural  elements  of 
the  blood,  i.  e.  fuch  as  the  mechanifm  of  the  hu- 
man body  itfelf  forms  of  the  ingefted  aliments, 
which  are  only  two,  viz.  albumen  and  globules, 
viz.  one  an  unorganifed,  colourlefs,  inodorous, 
and  infipid  jelly,  like  the  white  of  an  egg,  fome- 
what  ropy  or  filamentary,  in  proportion  to  the  ce- 
lerity of  the  circulation,  and  differing  in  tenuity, 
as  it  paffes  through  Idler  orders  ol  ve'ffels.  This 
makes  the  immediate  matter  of  growth  and  nutri- 
tion, by  flicking  to  the  fides  of  the  leaft  fibres, 
when  it  is  poured  in  betwixt  them  by  the  leaft  vef- 
fels,  while  the  elaftic  organifed  globules  of  the  leaft 
or  fmalleft  clafs,  which  make  the  organic  part  of  the 
nervous  juice,  from  their  greater  fufeeptibility  ot^ 
motion,  moft  likely  "re-enter  the  cells  or  other 
pores  that  can  fend  them  agarin  into  the  common 
circulation.  There  are  then  as  many  kinds  or  de- 
grees of  tenuity  in  the  nutritious  albumen  of  the 
blood,  as  there  are  orders  oi  globules,  and  final Icr 
veffels  to  pafs  through,  before  the  firft  can  adhere 
as  nourifhment  to  the  leaft  fibres.  The  organifed 
or  elaftic  elements  of  the  blood  are  then  neceffary 
in  a certain  proportion  to  grind  and  prepare  the 
other  albumen  •,  and  are,  therefore,  to  be  efteemed 
a lolid  permanent  part  of  the  body,  fince  they 
never  pafs  the  emundories,  but  by  excefs  or  dif- 
eafe.  As  for  the  faline,  acid,  morbid,  bilious, 
See.  particles,  to  be  found  mixed  in  the  current 
blood,  thefe  are  rather  heterogeneous  than  ele- 
mentary parts  of  it,  and  reftrained  to  the  fecretory 
2 veffe  s 
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veflels  only,  which  fend  them  off  to  make  the  ex- 
cretions and  certain  few  fecretions. As  to  the 

particles  attracted  by  the  load-ftone  from  the  earth 
of  the  blood,  which  may  feem  fo  ftrange  to  fome, 
’tis  obfervable,  that  Sir  Theodore  Mayern  and  Dr. 
Lifter  found,  that  many  fuch  particles  were  always 
lodged  in  human  calculi,  and  might  be  alfo  ex- 
traded  from  the  afhes  or  earthy  parts  of  molt 
plants  whence  fome  have  thought  the  minera  of 
iron  a kind  of  univerfal  element  or  principle  of 
mixc  and  text  bodies,  and,  I think,  not  very  in- 
judicioufly,  fince  they  are  more  or  lefs  diffufed 
through  the  whole  earth  and  waters,  and  never 
touch  any  fait  of  what  kind  foever,  but  intimately 
join  with  them  into  a vitriol,  which  is  more  or  lefs 
in  all  fprings  whatever  ; and  it  is  notorious,  that 
yellow  brewer’s-clay,  loom,  fands,  & c.  are  all  tinc- 
tured  by  iron  ; what  W'onder  then  if  it  afcends  with 
the  falts  of  the  earth  into  vegetables,  and  with 
them  pafles  into  animals,  in  both  which,  its  pat- 
tides  lhall  be  intrinfically,  from  their  own  nature, 
fome  of  the  firft  that  lay  the  bafts  of  accretions, 
whether  natural  or  morbid,  in  animal  or  vegetable 
bodies. 

§.  1 6 1.  From  the  preceding  analyfts  of  the 
blood,  it  evidently  contains  a variety  of  par- 
ticles, differing  in  bulk,  weight,  figure,  and 
tenacity  ; fome  watry,  others  inflammable,  and 
nioft  of  them  inclined  greatly  to  putrefaction, 
or  to  an  alcalii\e  corroding  ftate.  For  the  blood, 
in  a found  healthy  ftate,  not  injured  by  putre- 
faction, or  too  violent  a degree  of  heat,  is 
neither  alcaline  nor  acid,  but  mild  or  gelati- 
nous, and  a little  laldfh  to  the  tafte  yet,  in 
fome  difeafes,  it  is  fharp  enough,  and  comes 
near  to  a ftate  of  putrefaction  ; as  for  instance, 
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in  the  fcurvy,  where  it  corrodes  through  its 
containing  veflels,  and  in  thofe  who  have  an 
afcites  or  dropfy,  whofe  waters  are  often  much 
of  an  alcaline  and  corroding  nature.  But  that 
which  is  as  blood  in  infedts,  affords  a fharp 
alcaline  calx,  effervefcing  with  acids.  If  hu- 
man blood  be  mixed  with  alcohol  or  ftrong 
mineral  acids  it  runs  into  a coagulum  ; but,  by 
the  milder  vegetable  acids,  verjuice,  vinegar, 
lime-juice,  &c.  and  alfo  by  alcaline  falts,  fixed 
or  volatile,  but  efpecially  the  laft,  and  by  nitre 
or  all  neutral  falts,  it  continues  or  even  re-affumes 
its  firft  fluidity.  There  is  no  fait  with  which  the 
blood  makes  any  effervefcence.  Violent  exer- 
cife,  too  long  continued  with  too  great  external 
heat,  foon  diffolve  the  blood  into  a putrid  ftate 
even  within  the  veflels  of  a living  perfon. 

REMARK. 

We  fee  hence,  that  too  much  or  too  little  mo- 
tion of  the  blood  will,  either  of  them,  caufe  a 
morbid  acrimony,  the  firft  in  a little  time  as  in  fe- 
vers i and  the  laft  in  a longer  time,  as  in  cachexies, 
fcurvies,  &c.  In  the  fevers,  which  begin  with- 
out any  diflolving  contagion,  as  well  as  in  too 
much  or  long  continued  hard  labour,  the  blood 
runs  on  from  the  beginning  toward  the  height, 
through  various  degrees  of  inflammatory  tenacity, 
i.  e.  to  fay,  the  more  thin  and  aqueous  parts  being 
gradually  more  thrown  out  by  the  fluid  fecretions, 
the  nutritious  albumen  or  glue  in  the  blood,  which 
forms  a fort  ©f  cruft  round  the  furface  of  each  glo- 
bule, becomes  fo  thick  and  tenacious,  that  they 
join  more  ftrongly  together  into  cohefions,  unlefs 
kept  afunder  by  motion  •,  but  the  fame  degree  of 
motion  or  impetus  will  make  thofe  globules  keep 

changing 
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changing  their  points  of  contact  longer,  which  have 
the  greater  denfity,  i.  e.  the  red  ones  •,  confe- 
quently  the  fmaller  pellucid  globules  will,  in  this 
cafe,  from  their  lefs  motive  power,  and  from  their 
greater  furfaee,  which  augment  the  attra&ion  of 
cohelion,  firft  run  into  filamentary  concatinations  ; 
for  when  the  attraction  of  cohefion  is  increafed  to 
a certain  degree,  their  fpherical  figure  will,  in  all 
points  of  contaCt,  be  deprefifed  like  flattened  cakes, 
and  that  more  or  lefs  in  various  degrees,  propor- 
tionably  to  the  fewer  faline,  watry,  &c.  particles, 
which  interpofe  and  prevent  their  clofeft  cohefion. 
This  will  account  both  for  the  production,  in- 
creafe,  and  degrees  of  toughnefs  in  the  pleuritic 
inflammatory  cruft  of  the  blood,  which  is  ever  an 
attendant,  more  or  lefs,  upon  an  accelerated  circu- 
lation through  the  whole  fyftem,  or  only  fome 
particular  part,  from  pain  particularly,  provided 
there  is,  at  the  fame  time,  no  faline,  putrid  or 
diflfolving  acrimony  in  the  mafs.  If  the  arm  of  a 
perfon,  who  has  healthy  blood,  and  no  fhow  of 
this  cruft,  be  tied  up  for  fome  few  (10  or  20)  mi- 
nutes, a fort  of  temporary,  but  little  painful  in- 
flammation is  produced  in  that  part ; the  aqueous 
and  the  thinner  juices  are  urged  into  the  cellular 
fubftance  and  fmaller  vefiels  from  the  red  blood, 
whence  a turgefcence  of  the  limb  below  the  liga- 
ture, by  which  the  blood,  in  a degree,  confined 
and  ftagnant  in  the  veins,  will  have  fome  of  thofe 
parts  tending  to  concretion,  which  retain  the  leaft 
.impulfe  or  motion,  namely,  the  pellucid  larger 
furfaced  globules,  now  from  ftagnating,  more 
thickly  incrufted  with  the  cohefive  glue  -,  whence, 
upon  extravafation  into  a cold  vefiel,  they  fhall  be 
the  firft  that  run  into  cohefion  (not  with  the  red 
globules,  forfhefe,  having  lefs  furfaee  in  proportion 
to  their  matter,  have  lefs  cohefion,  but),  with  fimi- 
lar  particles,  fo  as  to  form  a white  cruft,  propor- 
L 2 tionable 
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tionable  to  the  tenfity  of  the  ligature,  and  length 
of  time  the  arm  was  bound  up,  provided  the  vein 
was  opened  with  a large  free  orifice  ; for  this  repa- 
ration or  fortment  of  fimilar  cohering  parts  is  be- 
gun in  the  vein,  and  lodged,  as  it  were,  in  feveral 
circular  drata,  moft  next  the  coats  of  the  vefiel, 
and  is  then,  at  length,  compleated,  when  let  out 
into  the  veflel ; but  a fmall  orifice,  as  it  lets  out 
only  the  quicker-moving  central  thread  of  the  cy- 
linder of  blood  in  the  vein,  confiding  of  the  red- 
der denfer  particles,  will  give  little  of  this  cruft, 
and  of  courfe  but  little  relieve  the  pain  i which  it 
occafions,  by  lining  the  fides  of  the  leaft  arteries 
with  too  thick  an  incrudation  j whence  they  will 
be  fuller,  tenfer  and  harder,  and  of  courfe  more 
painful.  Hence  we  fee  the  ufe  and  adtion  of  nitre, 
neutrals,  falts,  vegetable  acids,  and  volatile  alca- 
ldes well  diluted,  towards  removing  this  phlogifion 
of  the  blood  ; which,  we  fee,  is  no  longer  to  be 
found,  when  the  cohefive  glue  or  albumen  begins 
to  diflolve  by  a return  of  putrid  bile  or  a putrid 
alcalefcent  date  of  the  juices  in  general,  brought 
on  by  the  length  and  intenfity  of  the  fever.  You 
may,  in  like  manner,  account  for  its  appearance, 
when  the  vefiels  are  obdrudted  in  women  with  child, 
as  from  the  ligature  above.  As  this  phlogidon 
lies  mod  in  the  lead  arteries,  and  thole  veins  in 
which  the  blood  moves  do  wed ; therefore,  we  fee 
how  cupping,  by  difcharging  more  of  it,  relieves 
the  pain  better  than  bleeding  from  a large  vein,  in 
which  the  blood  moving  fader  contains  proportion  - 
ably  lefs  of  the  faid  inflammatory  lentor.  Alio, 
why  bleeding  from  a large  orifice  relieves  more  than 
from  a fmall  one.  How  a blider,  by  the  alcaline 
diflolving  force  of  the  calx  in  the  blood  of  the 
Spanilh  and  other  fcarab  flies,  is  fo  ufeful  to  thin, 
diflolve,  abderge,  and  fliake  off  this  lentor  from 
the  fides  of  the  lead  vefiels,  where  it  mod  hefitates : 
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for  a blifter  is  often  of  ufe,  by  thofe  parts  of  it 
which  enter  the  blood  and  diflolve  the  juices;  when 
its  a&ion,  as  a ftimulus  upon  the  folids,  is  rather 
mifchievous ; and  hence  bleeding,  diluting,  cly- 
fters,  &c.  are  moil  neceffary  companious  of  it, 
while,  at  the  fame  time,  that  the  juices  may  be 
fupplied  with  the  virtue  of  the  flies,  the  firft  bli- 
tters muft  be  either  dreffed  with  an  ointment  of 
them,  or  a fucceflion  of  new  blifters  to  other  parts 
be  made.  But  in  pleurifies,  and  other  pains  from 
a cold,  acid,  and  ropy  vifcidity  in  the  leaft  veffels, 
quite  oppofite  to  the  phlogifton,  blifters  have  alfo 
a double  advantage^ ; fince  there  a brifk  degree  of 
fever  and  ftimulation  of  the  folids,  as  well  as  a 
diffolflftion  of  the  vifcid  lentor,  is  required.  There- 
fore, in  all  fevers,  where  the  blood  does  not  tend 
to  a colliquation  of  its  glue  and  globules,  from 
contagion,  bile,  pus,  or  an  alcalefcent  putrefadtion, 
a timely  ufe  of  blifters  and  cupping  to  proper  parts 
will  ever  turn  to  good  account ; if  where  the  pulfe 
is  hard,  and  the  blood  buff,  you  bleed  and  dilute 
well  with  nitre  and  acids  ; and  if  with  a foft  pulfe 
and  poor  watry  blood,  you  give  the  bark  with 
nervous  and  diaphoretic  (viz.  Julep.  Camph.  Tine. 
Caftor-  Valer.  &c.)  medicines  after  firft  clearing 
the  paffages  by  a moderate  dofe  of  rhab.  alone, 
or  with  calom.  &c.  Another  advantage  will  at- 
tend an  early  ufe  of  blifters  to  the  feet,  as  a revul- 
five  of  the  phlogifton,  and  of  the  cold  vifcid  len- 
tor  likewife  from  the  pneumatic  and  fahguificative 
vifeera,  no  lefs  than  as  an  attenuater  of  it ; when- 
ever you  perceive  it  begin  to  fettle  in  thofe  or- 
gans, where  it  excites,  agreeable  to  the  nature  and 
ufe  of  the  organ,  and  degree  of  its  accumulation, 
thofe  moft  numerous  and  troublefome  fymptoms, 
by  which,  without  much  altering  their  effence  or 
cure,  fevers  are  largely  diverfied.  ’ Tis  then  evident, 
( 2 . ) 'fhat  in  ajl  true  fevers  there  is  fome  matter  to  be 

L 3 pre- 
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prepared  and  expelled  from  the  blood  by  nature,  or 
the  conjundt  powers  of  the  nervous  and  vafcular 
fyftem.  (2.)  That  this  matter  is  either  a cold,  vif- 
cid,  acidilh,  ropy,  and  crude  matter,  as  in  inter- 
mitting, leuco-phlegmatic,  flow,  nervous,  and 
moil  hyfterical  or  hip  fevers ; of  which,  the  fe- 
ver itfelf,  with  blifters,  the  bark,  and  nervous  cor- 
roborants are  the  cure : or  it  is  of  the  pleuritic  in- 
flammatory kind,  which,  as  a phlogifton,  having 
once  taken  up  its  feat  in  the  fmaller  arteries  and 
veins  of  fome  part,  multiplies  itfelf,  and  increales 
or  continues  the  fever,  ’till  its  adtion  has  introduced 
fuch  a faponaceous,  difiolving,  or  alcalefcent  (late 
throughout  the  juices,  as,  at  length,  melts  and 
expels  the  phlogiftic  lentor  itfelf ; which  then,  like 
a well  concocted  matter,  runs  off  critically  by  fome 
emundtory.  Here,  to  prevent  the  colliquation 
from  extending  beyond  the  lentor,  even  into  the 
firmer  globules  of  the  blood  itfelf,  fmall,  and  often 
repeated,  dofesof  the  vitriolic  acids,  alum  and  the 
bark,  have  a molt  certain,  and  almoft  miraculous, 
effedt  in  caufing  a precipitation  of  the  now  fubdued 
matter  by  the  renal,  inteftinal  or  cutaneous  outlets, 
and  in  reftoring  the  lately  overftrained  vefiels  im- 
mediately to  their  due  adtion  and  effedts  upon  the 
contained  fluids.  To  which  pradtice,  I was  lead 
(having  the  rationale  of  the  thing,  and  the  prac- 
tice of  Dr.  Morton  on  my  fide)  with  the  molt  fur- 
prifing  fuccefs,  wherever  it  was  ordered ; and  I 
have  now  the  pleafure  of  feeing  the  fame  pradtice 
almoft  as  ftrongly  recommended  by  Dr.  Huxom, 
from  his  own  ample  experience.  Only  two  things 
you  muft  have  a regard  to;  namely,  (1.)  To  fee 
that  your  lentor  is  fully  fubdued,  or  that  this  col- 
liquative ftate  of  a fever  be  adtually  begun,  as  you 
will  know  by  the  ceflation  of  pain,  foftening  of  the 
pulfe,  length  and  degree  of  the  fever  that  has  pre- 
ceded, &c.  as  well  as  from  the  appearance  of  the 

blood 
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blood  itfelf,  which  fliould  now  be  dratirn  in  no 
greater  quantity  than  will  fuffice  to  give  us  a view 
of  its  ftate.  (2.)  That  your  patient  have  no  idte- 
ritious  or  bilious  appearance,  denoting,  that  though 
the  lentor  be  fubdued  in  the  other  vefiels,  yet  a 
part  of  it  ftill  lurks,  in  a manner,  almoft  out  of 
the  high  road  of  circulation,  in  the  flow  moving 
vefiels  and  juices  of  the  liver;  for  here  our  good  me- 
dicine will,  by  coagulating  and  fixing  the  lentor, 
either  caufe  a new  fever,  or  fuch  an  infuperable  ob- 
ftrudtion,  as  muft  pave  the  way  to  an  hundred 
chronical  diftempers,  which  are  too  frequently  to 
be  met  with  in  perfons  not  judicioufly  cured  of 
fevers. Even  in  the  third  and  laft  kind  of  fe- 

brile matter,  which  is  generally  contagious,  epide- 
mical or  eruptive,  a moderate  ufe  of  che  fame  me- 
dicine, to  guard  the  texture  of  the  blood  and 
fmaller  vefiels  from  the  difiolving  force  of  the  fe- 
brile poifon,  in  the  height  and  declenfion  of  the 
diftemper,  will  be  of  great  ufe ; if  you  remember 
at  the  fame  time,  that  this  matter,  not  being  fupe- 
rable,  like  the  former,  by  nature  (the  charadteri- 
ftic  of  a poifon)  muft  be  expelled  with  a moderate 
ufe  of  the  mild  diaphoretics. 

§.  162.  Laftly,  by  viewing  frefh  blood  ip 
a fmall  glafs  tube  by  a microfcope,  or  by  in- 
fpedting  it  with  the  fame  optical  inftrument, 
while  it  is  yet  moving  in  the  veins  of  the  living 
animal,  we  diftinguifh  its  foft,  red  globules, 
which  are  elaftic,  fo  as  to  be  able  to  change 
and  recover  their  figure,  and  which,  doubt- 
lefs,  make  that  part  called  cruor  or  craflamen- 
tum  of  the  blood,  mentioned  at  §.  156.  [If 
it  be  queftioned,  whether  thefe  are  not  rather 
oleaginous  lenticular  particles,  of  the  fame  kind 
with  thole  obferred  by  Lewenhoeck  in  filh, 
L 4 and 
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and  lately  difccvered  in  our  own  fpecies  ? we 
confefs  it  is  a point  difficult  to  determine ; but 
the  ready  and  frequent  divifion  of  oil  or  fat 
into  globules  by  concuffion  feems  to  counte- 
nance fucb  an  opinion.] 

§.  163.  Thofe  red  globules  (§.  162.)  we  fee 
fwimming  in  a thinner  liquor,  in  which,  by 
the  fame  microfcope,  we  alfo  diftinguifh  leffer 
yellow  globules ; and  obferve,  that  the  red 
ones  diflolve  into  fimilar  yellow  or  fmaller 
globules,  by  reft  and  warmth.  The  diameter 
of  the  red  globules  is,  by  the  moft  accurate 
experimenters  in  this  way,  computed  at  of 
an  inch. 

§.  164.  The  pellucid  water  remaining,  in 
which  the  former  globules  were  obferved  to 
fwim,  does  yet,  by  the  finer  microfcopes,  ap- 
pear to  contain  ftill  fmaller  globules  of  an 
aqueous  clearnefs,  with  various  fpicula  of 
falts. 

REMARK. 

The  difcovery  and  confideration  of  this  me- 
chanifm  of  blood,  whereby  we  fee  it,  in  great  part, 
confifts  of  elaftic,  organic,  round  machinul«  of 
various  denfities  and  diameters,  which,  by  their 
greater  mobility  from  one  common  impulfe,  grind 
and  attenuate  the  other  vifcid  nutritious  and  fila- 
mentary or  ropy  parts  of  the  blood,  is  of  the  laft 
importance  towards  underftanding  the  nature,  ac- 
tion, and  cure  of  fevers,  poifbns,  and  moft  difor- 
ders  fpringing  principally  from  a vitiated  ftate  of 
this  general  fource,  from  which  all  the  other  ani- 
mal juices  are  fupplied.  We  obferve,  that  fugar 
boiling  in  a fyrup  at  the  bakers,  in  fome  meafure 
qefembles  the  blood,  as  a foft  or  fbiid  body,  (re- 
, f mark 
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mark  to  §.  .1.)  kept  by  the  violence  in  a ftate  of 
fluidity.  This,  when  its  watry  parts  are  exhaled 
enough  to  give  the  fugar  fo  great  a heat  as  to  ex- 
tricate and  expel  part  of  the  included  permanent 
air  in  the  fhape  of  elaftic  veficles  or  bubbles,  (re- 
mark to  §.159.)  it  fwells  to  fuch  a degree  from  the 
faid  air  confined  by  the  tenacity  or  cohefion  of  its 
parts,  that  the  whole  would  foon  be  thrown  out  of 
the  copper,  if  it  were  left  to  itfelf.  But  to  pre- 
vent this,  a fpoonful  of  butter  or  oil  thrown  in, 
diffufes  itfelf  fo  throughout  the  whole  mafs,  that, 
by  lefiening  the  contact  and  cohefion  of  the  par- 
ticles, the  confined  air  readily  efcapes  as  from  wa- 
ter, and  the  dwelling  or  turgefcence  immediately 
fubfldes.  Much  in  the  fame  manner,  certain  ve- 
getable, animal  and  contagious  poifons  fhall,  upon 
entering  the  mafs  of  blood,  diffufe  and  difiolve 
that  healthy  degree  of  cohefion  in  the  parts  which 
is  necefiary  to  make  and  keep  it  an  organic  fluid, 
that  it  fhall,  in  a little  time,  turn  from  a mild  al- 
buminous to  a corroding  gangrenous  incoherent 
mafs,  difiolving  not  only  the  globular  texture, 
but  alfo  ths  pulpy  fine  vafcular  fabric  in  the  ence- 
phalon, almofl:  as  foon  as  it  can  extend  thither. 
Thus,  among  the  vegetable  tribe,  aft  the  laurel- 
water,  circuta-aquatica,  the  great  purple-  dowered 
wolf’s-bane,  deadly-night  fhade,  hen-bane,  nux 
vomica,  roots  of  hemlock-drop  wort,  (and  even 
opium  itfelf  in  a large  dofe)  j only,  as  thefe  are 
commonly  taken  into  the  ftomach,  they  begin  the 
tragedy  firft  in  that  part,  which,  from  its  lenfibi- 
lity -and  nervous  confent,  excites  many  fymptoms 
not  Teen  in  other  poifons.  Thus  aft  the  epidemi- 
cal, contagious  and  peftilential  poifons,  with  thofe 
of  the  fnake  kind.  In  how  few  hours  the  peftilen- 
tial  poifon  will  often  kill,'  and  melt  not  only  the 
•blood,  but  even  the  liver,  fpleen,  lungs,  and  other 
vifcera  into  a gangrenous  incoherent  mafs,  thofe 
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are  not  ignorant,  who  have  read  the  writers  on  the 
plague.  And  how  foon  the  rattle-fnake  poifon 
will  have  the  fame  effedt,  may  appear  from  the  late 
creditable  relation,  which  father  Feuill  gives  us  in 
his  journal  of  phyfico-mathematical  obfervations 
made  in  New  Spain,  of  a Dutch  phyfician  at  Lima, 
who  being  herbalizing  in  a wood,  and  hearing  a 
young  Indian  woman  cry  out  from  the  bite  of  a 
rattle-fnake,  immediately  ran  to  her  afliftance ; but 
well  knowing  the  fatality  of  the  poifon,  fent  one 
to  call  the  parifh-prieft  to  give  her  confefiion  and 
communion ; but  before  he  could  arrive  fhe  died, 
and  changed  fo  much  in  a few  hours,  that,  in  lift- 
ing her  body,  the  flelh,  like  a pulp,  came  off  as 
if  it  had  been  corrupted,  which  obliged  them  to 
put  the  body  in  a cloth  to  carry  it  to  the  church. 
What  a colliquative  flrength  the  lead  quantity  of 
this  poifon  has,  may  be  feen  from  the  terrible  courfe 
Mr.  Briental  went  through  at  Philadelphia,  (Phil, 
tranf.  n°.  478.)  who,  by  the  precaution  of  fucking 
his  wound  and  fpitting  out  the  poifon,  (which  be- 
numbed his  tongue  and  lips)  making  a ligature  to 
confine  what  remained  in  the  arm,  and  a copious 
difcharge  by  fcarifying  his  hand,  and  flitting  the 
fkin  of  his  fingers,  was  lucky  enough  to  efcape 
with  life,  after  lying  ill  nine  days ; though  the 
hand  and  arm  continued  all  the  fummer  fpotted  like 
the  fnake.  Nor  is  the  gangraenous  diflolution  and 
acrimony,  which  the  blood  often  acquires  by  flow 
degrees  in  the  fcurvy,  much  lefs  wonderful ; by 
which,  in  the  account  of  Lord  Anfon’s  voyage,  it 
melted  and  eat  through  the  tough  callufies  of  bones 
and  hard  fears  of  old  wounds,  fo  as  to  make  them 
bleed  afrefh.  But  let  us  return  from  the  difeafed, 
to  the  natural  and  healthy  ftate  of  the  blood. 

§.  165.  From  the  preceding  experiments 
compared  together,  arifes  that  knowledge 

which 
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which  we,  at  prefent,  have  of  the  blood  ; 
namely,  that  the  craflamentum  or  cruor  is 
compofed  of  globules,  which  being  forced 
together  by  the  coagulating  caufes,  (§.  156.) 
which  increafe  their  attraction  of  cohefion, 
harden  ijito  a confufed  folid  mafs.  The  in- 
flammable or  combuftible  nature  of  the  faid 
globules  is  proved  from  dried  blood,  which 
takes  flame  and  burns  j as  alfo  from  the  phof- 
phorus,  or  rather  pyrophorus,  (fince  it  not 
only  fhines,  but  generates  combuftible  fire) 
which  is  diftilled  from  human  blood ; and 
from  thefe  probably  arifes  the  greater  part  of 
the  pitchy  oil  that  is  obtained  from  blood  by 
the  violence  of  fire,  §.  160.  (4.)  But  actual 

filaments,  there  are  none  naturally  in  the 
blood  ; though  they  may  be  made  in  it,  by 
the  addition  of  cold  water. 

REMARK. 

The  attraction  of  cohefion  in  particles  being  as 
their  contiguous  furfaces  and  tenacity  of  the  in- 
crufting  fluid,  the  yellow  and  lefler  globules  will 
cohere  together  more  powerfully  than  the  red  ones, 
as  well  from  their  greater  furface  and  contacts,  as 
becaufe  moving  flower  in  the  blood,  a more  vifcid 
and  thick  glue  adheres  to  them  •,  whence  by  cold 
or  intenfe  heat,  or  a diminution  of  the  interpofed 
water,  thefe  firft  run  into  ftrong  filamentary  chains 
every  way,  like  a fponge  made  of  fpider’s  threads, 
betwixt  which  the  larger  red  globules  are  locked  up 
or  intercepted ; and  by  walhing  them  out  with  wa- 
ter, from  a cake  of  frefh  found  blood,  you  have 
the  filamentary  part  compared  together  like  a 
fibrous  flefh.  And  as  thefe  lefs  globules  thus  more 
ftrongly  attract  each  other,  than  they  are  attracted, 

either 
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either  by  water  or  by  the  red  globules ; therefore, 
upon  ftirring  round  a mafs  of  blood  with  your  fin- 
ger, &c.  before  it  is  congealed,  indead  of  (hoot- 
ing every  way  like  the  threads  of  a fponge  through 
the  whole  mafs,  fo  as  to  give  it  a kind  of  folidity, 
they  will  be  wound  up  into  a bottom  of  a compact 
fibrous  confidence,  leaving  the  remainder  a purple 
uncongealing  fluid,  chiefly  of  water  and  the  red 
globules,  &c.  Much  in  the  fame  manner,  we  fee 
in  chemifiry,  that  fpiritus  falis  ammoniaci  (cum  fale 
tartori  preparatus,  which  is  dill  no  more  than  a 
fait  diflfolved  in  water)  & alcohol  vin'i  being  mixed, 
the  fait  immediately  (hoots  every  way  like  a lump 
of  fugar,  while  the  water  and  alcohol  combined, 
are  locked  up  in  the  cells  or  interdices. 

§.  1 66.  The  yellow  ferum  of  the  blood  ap- 
pears likewife  to  confid  of  lefler  globules  fwim- 
ming  in  water ; and  is  what  we  defcribed  be- 
fore at  §.  157.  In  thewatry  or  thinner  liquor 
of  the  ferum,  whofe  particles  are  not  vifible  to 
the  eye,  there  are  contained  the  fame  princi- 
ples, with  a portion  of  water,  as  was  fhown 
in  the  blood  itfelf,  §.  160.  of  which  the  force 
of  fire  makes  alcaline  falts.  In  proof  of  this, 
we  may  alledge  a didillation  of  the  faliva  or 
mucus  with  the  nature  of  the  perfpiring  matter 
of  Sandtorius. 

REMARK. 

The  faline  and  oily  paits  of  the  ferum,  as  well 
as  the  blood,  are  in  a healthy  date,  neither  acid 
nor  alcaline,  but  neutral,  of  a peculiar  kind,  com- 
ing betwixt  nitre,  fea  fait  and  fal  ammoniac  ; 
whence  healthy  ferum,  though  brackifli  to  the  tade, 
gives  no  pain  to  a wound,  to  the  eyes,  nofe,  or  to 

other 
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other  fenfative  organs,  where  even  water  alone  will 
prove  a ftimulus : but  thofe  few  volatile  alcaline 
falts  and  oils,  which  come  into  the  blood  from  the 
aliments  or  medicines,  or  which  are  made  by  the 
vital  heat  and.  attrition,  exhale  chiefly  by  the  per- 
fpiration  •,  which  obftruCted,  caufes  a retention  of 
that  matter,  which,  if  retained  in  a confiderable 
degree,  will  flimulate  the  heart  and  arteries  into  a 
fever,  and  tend  to  diffolve  the  blood  into  a putrid 
mafs,  if  left  to  itfelf.  The  farne  perlpir able  oily 
and  faline  parts,  in  a more  exalted,  putrid,  and 
cauftic  ftate,  of  which  it  is  capable  of  various  de- 
grees, becomes  the  matter  which  propagates  con- 
tagious fevers  of  all  kinds ; being  in  itlelf  an  ani- 
mal ferment,  that  difpofes  the  airy,  oily,  and  faline 
parts  of  the  blood  to.  feparate  by  a putrefactive  or 
inteftine  motion  in  the  leaf:  veffels,.  where  the  pro- 
greflive  motion  is  flowed,  fo  as  to  put  on  an  acrid 
difpofition  fimilar  to  that  of  itfelf:  but  the  chemi- 
cal volatile  falts  and  oils  of  blood  and  ferurti,  as 
well  as  of  other  animal  fubftances,  are  not  the  na- 
tural, but  factitious  principles  of  them  made  by 
force  of  fire. 

§.  167.  The  exaCt  mafs  or  quantity  of 
blood,  contained  in  the  whole  body,  cannot  be 
certainly  computed.  Yet  we  know,  in  g;ene- 
ral,  that  the  mafs  of  humours  is  much  greater 
than  that  of  the  folids ; only  we  are  to  conlider, 
that  many  of  them  do  not  flow  currently  in  the 
circulation,  as  the  glue  or  jelly  that  lodges  id 
moft  parts,  and  the  fat.  But  if  we  may  he  al- 
lowed to  form  a judgment  from  thofe  profufe 
haemorrhages,  that  have  been  fuftained  v/ith- 
out  deftroying  the  life  of  the  patient,  with  ex- 
periments made  on  living  animals,  bv  drawing 
4 out 
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out  all  their  blood,  joined  with  the  bulk  of  the 
arteries  and  veins  themfelves ; from  thefe  prin- 
ciples, the  mafs  of  circulating  humours  will  be 
at  lead:  fifty  pounds ; whereof  near  a fifth  part 
will  be  true  red  blood,  current  in  the  arteries 
and  veins ; of  which  the  arteries  contain  only 
one  fifth,  and  the  veins  the  other  four. 

§.  168.  Nor  does  the  blood  always  contain 
the  fame,  or  a like  proportion  of  thofe  ele- 
ments or  principles,  which  we  have  before 
defcribed  in  it : for  an  increafed  celerity,  whe- 
ther by  laborious  and  ftrong  exercifes  and  a full 
age,  (from  30  to  40)  fever  or  otherwife  augments 
the  cralfamentum  with  the  rednefs,  congealing 
force  and  cohefion  of  particles ; and  the  hard- 
nefs  and  weight' of  the  concreted  ferum  with 
the  alcaline  principles  are,  by  the  fame  means, 
increafed,  §.  144.  On  the  other  hand,  the 
ferum  and  the  mucus  it  contains  are  increafed 
by  the  contrary  caufes,  the  more  as  the 
animal  is  younger,  lefs  a&ive  or  exercifed, 
and  fed  more  on  a watry  vegetable  diet,  by  all 
which  the  craffamentum  of  the  blood  is  leffen- 
ed,  and  its  watry  part  increafed.  Old  age  again 
leffens  the  craffamentum,  and  the  gelatinous 
part  likewife. 

§,  169.  From  thefe  principles,  (§.  136  to 
139.)  but  with  a conjunct  confideration  of  the 
folid  fibres  and  veffels,*  the  different  tempera- 
ments, and  morbid  conflitutions  of  people  are 
derived.  For  a plethoric  or  [anguine  habit  arifes 
from  an  abundance  of  the  red  globules  j a phleg- 
matic temperature  is  from  a redundancy  of  the 
watry  parts  of  the  blood } a choleric  difpofition 
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of  the  humours  feems  to  arife  from  a greater 
acrimony  and  alcalefcence  of  the  blood,  as  ap- 
pears from  thofe  who  live  on  fiefh  and  on  the 
human  fpecies,  being  fo  much  fiercer  and  more 
paflionate  than  thofe  who  live  on  plants  or  on 
vegetable  food.  As  for  the  melancholly , if 
there  is  really  fuch  a humour  in  the  blood,  it 
feems  to  confift  in  a redundancy  of  the  earthy 
principle,  §.  169.  [With  refpeCt  to  the  folid 
parts,  a greater  firmnefs  joined  with  as  more 
exquifite  fenfibility  or  nervous  irritability,  dif- 
pofes  to  a choleric  habit;  and  a lefs  irritability 
with  a moderate  denfity,  to  a fanguine  habit ; 
and  a lefler  degree  both  of  denfity  and  irritabi- 
lity are  to  be  referred  to  a phlegmatic  tempera- 
ment. In  the  melancholly  again,  a weaknefs 
of  the  folids  is  joined  with  the  higheffc  degree 
of  nervous  irritation  or  fenfibility.]  But  you 
muft  be  careful  not  to  make  thefe  temperaments 
as  the  foie  and  limited  fyftems  or  claffes  of 
conftitutions ; which,  in  the  courfe  of  nature, 
are  found  to  be  not  only  four,  eight,  or  even 
thirty-two  ; but  are  really  diftinCt  in  number- 
lefs  degrees. 

R E M A R K. 

* ’Tis  a wife  caution  of  our  author  not  to  make 
any  deductions  phyfiological  or  therapeutical,  un- 
lefs  the  conjunct  ftate  of  the  folids  enters  theconfi- 
deration.  The  quantity  or  quality  of  the  blood 
vitiated  or  offending  are  not  the  primary  caufes 
of  flow  difeafes,  but  the  effeCts  of  a vitiated 
ftate  of  the  folids,  and  their  aCtions,  by  which 
the  blood  and  all  other  juices  are  moulded  or  com- 
pofed,  and  to  the  ftate  of  which  their  quantity  and 
quality  are  anfwerable  ; and,  for  this  reafon,  all 
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good  profefiors  have  propofed  the  confideration  of 
the  elaftic  moving  fibres  and  vefifels,  as  the  necefiary 
ground-work  or  foundation  to  a knowledge  and 
cure  of  difeafes. 

§.  170.  The  red  parts  of  the  blood  fcem 
chiefly  of  ufe  to  generate  heat,  fince  they  al- 
ways abound  in  proportion  to  the  natural  heat 
of  the  animal.  Thefe  being  confined  by  the 
largenefs  of  the  globules,  within  the  red  and 
dirffc  order  of  vefleis,  hinders  the  collapfion  of 
their  extremities  ; and  in  receiving  the  common 
motion  of  the  heart,  fey  the  greater  denflty  of 
their  parts,  they  hold  the  motion  longer,  or 
make  a greater  impetus  aud  attrition  upon  the 
lefler  orders  of  humours,  upon  which  their 
motion  is  imprefled.  And  hence  it  is,  that 
the  red  part  of  the  blood,  being  too  much 
diminiihed  by  profufe  bleedings,  there  follows  a 
ftagnation  or  leflened  motion  of  the  humours 
in  the  fmaller  vefleis,  whence  fatnefs,  coldnefs, 
dropfy,  &c.  By  the  fame  rule  alfo,  a due 
proportion  of  the  faid  red  blood  is  neceflary 
within  the  habit,  to  generate  and  repair  new 
blood  for  the  ufes  of  the  whole  fyftem.  For, 
by  large  haemorrhages,  we  fee  the  blood  lofes 
its  red  or  denfe  nature,  and  degenerates  into  a 
pale,  ferous  or  watry  ftate. 

§.  17;.  The  hardening  ferum  (§.  157.)  is 
more  efpecially  defigned  for  the  fecretions  and 
nutritions  of  the  parts,  as  will  be  hereafter 
more  apparent  (§.  239  to  243.)  The  thinner 
juices  thence  fecreted  have  various  purpofes,  as 
the  diflolution  of  the  aliments,  the  moiftening 
of  the  external  furface  of  the  bodv,  and  furfaces 
• of 
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of  the  internal  cavities,  to  prefer ve  the  flexibi- 
lity of  the  folids,  and  conduce  to  the  motion 
of  the  nerves,  the  fight,  &c. 

§.  172,  Therefore  health  cannot  fubfifi:  with- 
out a denfe  and  red  blood,  whofe  quantity  too 
much  diminifhed  caufes  a ifagnation  or  flow 
ropy  trailing  of  the  juices  vvithin  the  fmaller  \ 
veffels ; whence  cachexy  or  palenefs,  coldnefs, 
weaknefs,  and  the  like.  Nor,  on  the  other 
hand,  can  life  or  its  proper  offices  be  carried 
on,  or  health  fubfifi;  without  a fufficiency  of 
thinner  juices  intermixed  with  the  red  blood  ‘ 
which,  being  deprived  of  its  watry  part,  con- 
geals and  obfirudls  the  fmallefi:  paffages  of  the 
veffels,  and  kindles  too  great  a heat. 

§.  173.  If  it  is  afked,  whether  there  be 
any  difference  betwixt  the  arterial  and  venal 
blood  ? we  anfwer,  that  fome  difference  there 
feems  to  be  ; the  former,  having  lately 
paffed  the  adtion  of  the  lungs.  But,  in  ex- 
periments, I fcarce  find  any  obfervable  difference 
either  in  colour,  denfity,  or  any  other  known 
diverfity.  For  the  circulation  is  very  quick, 
and  the  venal  blood  itfelf  was  but  a little  be-  © 
fore  arterial.  [However,  the  arterial  blood  is 
apparently  of  a more  bright  or  fplendid  red, 
and  having  a greater  degree  of  fluidity  and  pro- 
portion of  watry  parts,  may  fo  far  differ  from 
the  venal  darker  coloured  blood.  But,  in  this 
refpedt,  it  remains  that  we  make  further  ex- 
periments.] 

§.  174.  From  one  and  the  fame  mafs  of 
blood,  driven  into  the  aorta,  are  generated  all 
the  juices  or  humours  of  the  human  body, 
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which,  from  their  affinity  one  to  another, 
are  reducible  to  certain  daffies  following;  but 
the  manner  or  artifice,  by  which  each  of  them 
are  feparated,  ought  to  be  accounted  for  by  the 
fabric  or  mechanifm  of  the  glands  themfelves. 

REMARK. 

As  the  blood  runs  quicker,  and  into  commixture 
in  the  veins,  as  it  comes  nearer  the  heart,  fo  its 
particles  move  more  flowly  towards  a leparation 
in  the  arteries,  as  they  get  farther  from  the  heart, 
with  adiminifhed  impulfe.  Thus  the  motion  of  the 
blood  in  the  arterial  and  venal  veffels  may  be,  in 
general,  compared  to  a body  afeending  perpendi- 
cularly, contrary  to  the  force  of  gravity,  by  fome 
impulfe,  and  with  a momentum  or  celerity  conti- 
nually leffening;  and  then  returning  or  descending 
with  a celerity  perpetually  increafing  : only,  in  the 
blood,  this  retardation  and  accelaration  are  neither 
made  uniformly,  nor  in  any  certain  or  regular  pro- 
portion, with  refpedt  to  the  diftances  from  the 
heart  •,  becaufe  the  diverfity  of  ftrength,  ramifica- 
tion, convolution,  &c.  of  the  veffels  themfelves* 
in  which  it  moves,  are  irregular  and  unlimited. 
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LECTURE  VIII. 

Of  the  fecretivns . 

§•  l7Sb  fT""''  H E elaffes  or  tribes  of  humours, 
which,  being  depofited  or  ftrain- 
ed  off  from  the  blood  into  other  veffels,  are 
faid  to  be  fecerned  or  f 'ecreted , feem  reducible  to 
four  ; of  which  the  firfl  includes  all  the  vifcid 
and  lymphatic  jnices,  which,  by  fire  or  alcohol 
vini,  turn  into  a hard  coagulum  ; although  ge- 
nerally in  the  living  animal,  they  are  capable 
of  flying  off  in  form  of  a vapour,  and  after 
death  are  within  the  fame  veffels  compacted 
into  a gelatinous  thicknefs.  To  this  clafs  be- 
long the  vaporous  juices  of  the  ventricles  of 
the  brain  of  the  pericardium,  pleura,  perito- 
neum, vaginal  tunic  of  the  tefticle,  of  the  am- 
nios, joints,  and  probably  of  the  womb,  with 
the  juice  of  the  ftomach  and  intefiines,  of  the 
renal  capfules,  and  laftly,  the  lymph  itfelf, 
commonly  known  and  called  by  that  name. 

§.  176.  The  Jecond  clafs  is  of  thofe  juices, 
which  are  fome  of  them  exhalable,  like  the 
former  (§.  1 75.),  but  being  more  Ample  and 
aqueous,  are  neither  to  be  coagulated  by  fire, 
nor  by  rectified  fpirits  of  wine  5 and  others  of 
which  do  not  exhale,  but,  being  depofited  in 
their  refpedive  excretory  duds,  are  expelled 
by  fome  common  outlet,  proper  to  a part  of 
fome  gland.  To  the  former  of  this  clafs  be- 
long the  perfpirable  matter  of  Sandorius,  and 
M 2 probably 
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probably  the  internal  perfpirable  matter  of  the 
epithelium  and  cellular  fubftance,  with  part  of 
the  tears  and  watry  humours  of  the  eyes.  To 
the  latter  of  this  clafs  belong  the  remaining 
part  of  the  tears,  the  faliva  and  pancreatic 
juice,  that  ©f  the  renal  capfules,  and  the  urine. 
The  fweat  feems  to  be  a mixture  of  the  per- 
fpirable matter  and  the  fubcutaneous  oil. 

§ 177.  The  third  clafs,  differing  from  both 
the  preceding,  includes  the  vifcid,  fluggifh  or 
ropy  juices  3 but  fuch  as  are  of  a watry  difpo- 
fltion,  and  not  congealable  into  a jelly,  but 
hardening  into  a cruft-like  or  fcaly  fubftance, 
by  exhaling  their  water.  Of  this  fort  are  all 
the  kinds  of  mucus  in  the  human  body,  fpread 
through  all  the  internal  paflages  for  air,  ali- 
ments or  urine  3 the  cavities  of  the  genital 
parts,  liquor  of  the  proftates  and  feed,  to 
which  add  the  black  humour  of  the  uvea  in 
the  eye. 

§.  178.  The  fourth  and  laf  clafs  is  that  of 
the  inflammable  juices,  which,  at  their  firft 
' formation,  are  indeed  thin  and  watry,  but,  by 
time,  ftagnating  and  exhaling  their  more  watry 
parts,  become  a thick,  oily,  inflammable  lini- 
ment, often  very  bitter.  To  this  clafs  we  re- 
fer the  bile,  ear-wax,  febaceous  and  oily  lini- 
ment of  the  fkin,  the  marrow  in  the  bones, 
and  all  the  fat  of  whatever  conftftence,  or  in 
whatever  part  feated  throughout  the  human 
body.  And  the  milk  itfelf,  fo  far  as  it  is  bu- 
tyraceous  and  inflammable,  belongs  to  this 
clafs. 


§.  179.  Thofe 
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§.  179.  Thofe  who  confider,  that  in  the 
blood  are  found  a coagulating  ferum  (§.  1 56. )> 
an  exhaling  water  (§.  160.),  a fort  of  vifcid 
mucus  (§.  156.),  and  laftly,  a thick  and  thin 
oil  (§.  160.),  may  thence  begin  to  perceive  the 
poffibility  of  a feparation  to  be  made  from  the 
blood  of  all  the  foregoing  claffes  (§.  175  to 
179.)  of  humours ; in  as  much  as  we  thus  fee 
their  conflituent  principles  are  already  in  the 
mafs  of  blood  itfelf.  But  in  what  manner  it 
is  brought  about,  that  oil  is  feparated  from  the 
blood  in  one  part,  a watry  liquor  in  another, 
or  a gummy  mucus  in  a third,  is  a talk  that 
flill  remains  to  be  explained,  and  requires  a pre- 
vious defcription  of  the  fecretory  organs  them- 
felves. 

§.  180.  The  albumenous  or  hardening  juices 
are  feparated  almoft  every  where  from  the  ar- 
teries themfelves,  into  continuous  excretory 
canals,  without  any  intermediate  organ  or  ma- 
chine betwixt  them.  The  proof  of  this  we 
have  from  injections  of  fifh-glue,  water,  and 
thin  oils,  which  very  readily  pafs  the  red  arte- 
ries, and  are  poured  out  like  unto  fweat  into 
all  the  cavities  of  the  body  (§.  1-5.),  in  which 
we  naturally  find  the  faid  ferous  vapours  in 
form  of  a coagulable  water  j nor  do  the  in- 
jections in  this  courfe  meet  with  any  interme- 
diate knots,  or  flops  from  any  hollow  cavities 
and  cells.  Finally,  the  blood  itfelf,  being  fo 
readily  poured  out  into  mofl  of  thefe  cavities, 
without  any  permanent  damage,  when  its  courfe 
is  either  much  obftruCted,  retarded  or  urged 
with  a greater  impetus  through  the  arteries, 
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{hows  plainly  that  there  is  a fhort  and  open 
way  betwixt  the  red  blood  veffels  and  thofe  ex- 
cretory dufts ; [whence  the  yellow  ferum  dif- 
fers not  much  from  the  cruor.] 

§.  1 8 1.  Among  thefe  juices  we  reckon  the 
venal  lymph,  mentioned  (§.  51.)  before,  which 
paffes  through  the  valvular  pellucid  veffels  to 
the  thoracic  dudt.  For  this  feems  to  be  drawn 
off  immediately  from  the  arteries,  if  we  give 
any  credit  to  the  numerous  experiments  of 
great  anatomifts,  which  fhow  that  red  blood, 
mercury  and  other  liquors  pafs  from  the  fan- 
guineous  arteries  direftly  into  the  valvular  lym- 
phatic veins  themfelves.  The  credit,  both  of 
this  fa£t  and  the  experiments,  is  alfo  further 
confirmed  by  the  mixture  of  rednefs  and  yel- 
lownefs,  often  obfervable  in  the  lymph  itfelf ; 
and  which,  by  the  microfcope,  is  a demonflra- 
tion  of  the  red  fanguineous  and  yellow  ferous 
globules,  which  pafs  and  float  in  the  lymph, 
§.  161.  and  feq. 

§.  182.  It  mull  not  indeed  be  denied,  that 
thefe  lymphatic  veffels  have  a fort  of  peculiar 
glands  to  themfelves,  into  which  the  faid  Iym<* 
phatics  depofite  their  contained  juice,  and  then 
convey  it  away  from  them  again.  But  then 
the  lymphatic  veffels  do  not  arife  in  thefe  glands, 
with  which  they  only  communicate  in  their 
paffage,  For  they  arife  vifibly  enough  upon 
the  furface  of  the  lungs,  liver  and  inteftines, 
and  run  on  for  a confiderable  length  before 
they  enter  thofe  glands. 

§.  183.  Thefe  glands  then  feem  to  contri- 
bute fomething  peculiar  to  the  lymph  and  chyle 
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in  their  courfe,  more  than  has  hitherto  been 
well  difcovered.  The  ftrudture  of  them  here 
follows.  They  appear,  as  they  are  called, 
conglobate,  or  of  an  oblong,  olive-like  figure, 
fometimes  folitary,  but  often  in  clnfters,  and 
loofely  wrapped  up  in  the  cellular  fubftance, 
in  which  they  enjoy  a fort  of  free  liberty  or 
floating  motion,  in  moft  of  the  internal  parts 
of  the  human  body,  and  in  many  of  the  ex- 
ternal parts.  Among  the  latter  we  may  reckon 
thofe  which,  arifing  in  the  face  and  upper  part 
of  the  parotid  gland,  and  angle  of  the  lower 
jaw,  defcend  along  the  fide  of  the  neck  with 
the  jugular  vein  ; from  thence  dividing  as  it 
were,  or  receiving  troops  from  the  arm,  they 
pafs  on  in  a diredt  courfe  with  the  fubclavian 
vein  to  the  arm-pit,  where  they  are  moft  nu- 
merous. Some  again  are  extended  as  far  as 
the  flexure  of  the  elbow  or  cubitus  itfelf ; but 
none  appear  on  the  reft  of  the  upper  limb,  nor 
upon  all  the  back. 

§.  1 84.  In  the  thorax  they  defcend  in  great 
numbers  with  the  wind-pipe,  and  along  the 
ftdes  of  the  pericardium  ; others  defcend  upon 
the  anterior  face  of  the  vena  cava  and  pericar- 
dium down  to  the  diaphragm.  Pofterior  lym- 
phatics there  are  many,  encompaffing  the  wind- 
pipe on  all  fides,  and  playing  round  its  ramifi- 
cations, reach  to  the  extremities  of  the  lungs  j 
while  thofe  in  the  pofterior  mediaftinum  ride 
over  the  pericardium,  and  with  the  thoracic 
dudt  extend  to  the  diaphragm. 

§.  185.  In  the  abdomen  laftly,  there  are 
others  ca'led  the  lumbal  lymphatics,  which 
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form  a confiderable  troop  in  the  folding  of 
the  groin,  from  whence  extending  along  with 
the  great  blood-veffels  in  the  courle  of  the  Sar- 
torius  mufcles,  they  vanifh  in  the  ham  or  bend- 
ing of  the  knee.  Other  lymphatics  pafs  from 
this  inguinal  troop  into  the  pelvis,  and  continue 
their  courfe  upwards  through  the  cellular  fub- 
fbance,  behind  the  redtum,  and  along  with  the 
large  hypogafcric  blood-veffels.  There  are  alfo 
fmall  lymphatic  glands  of  the  fame  kind,  with 
their  refpedbive  troops,  feated  in  the  greater  and 
leffer  curvature  of  the  fiomach,  at  the  origin 
of  the  great  and  little  omentum,  at  the  entrance 
of  the  porta  into  the  liver,  in  the  courfe  of 
the  fplenic  blood-veffels  near  the  fpleen,  and 
laftly,  through  the  whole  extent  of  the  mefen- 
£ery  and  mefocolon. 

§.  1 86.  The  common  fabric  of  thefe  lym- 
phatic glandules  is,  that  they  all  confift  of  a 
ilrong,  external,  fmooth  membrane,  painted 
with  many  red  blood-veffels ; within  which  is 
a foft  and  lax  cellular  fubffance,  but  of  a fhort 
extent,  betwixt  the  cells  of  which  run  num- 
berlefs  fmall  blood  and  lymphatic  velfels.  As 
for  any  folliculus  or  concavity,  mufcular  fibres, 
or  duplicate  membranes,  they  are  to  me  un- 
known. 

§.  187.  That  thefe  glandules  are  of  fome 
ufe  to  the  lymph  and  lymphatic  vefiels,  is  cer- 
tain enough  ■,  becaufe  we  fee  no  lacteal  or  lym- 
phatic veffel  ever  reaches  to  its  infertion,  with- 
out firft  diftributing  its  branches  through  one 
of  thefe  glands,  and  receiving  redudtory 
branches  from  thence.  The  chylous  juice, 
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with  which  thefe  glandules  are  filled  in  chil- 
dren and  other  young  animals,  and  the  ink-like 
juice  which  they  contain  in  the  breads  of  old 
people,  proves  that  there  is  fomething  fepa- 
rated  from  the  blood  in  thefe  glands,  and  pour- 
ed into  the  lymph  and  chyle,  which  are  here 
probably  expelled  into  the  cellular  fpaces  of 
the  gland.  Their  greater  magnitude  and  more 
perfect  drudture  in  the  younger  animals,  with 
the  fhrinking  and  corruption  or  dedrubtion  of 
them  in  adults  and  old  people,  perfuade  us, 
that  this  their  fecretion  is  more  perfectly  made 
in  the  younger  animals,  and  that  it  perifhes  in  the 
older.  And  no  part  is  oftener  fchirrous  than 
thefe ; whence  it  is  not  probable,  that  the 
lymph  is  in  them  accelerated.  The  thymus 
is  of  the  conglobate  kind  of  thefe  glandules, 
but  divided  into  lobules ; but  there  are  found 
alfo  in  the  groins,  arm-pits,  and  other  parts, 
conglobate  glandules  of  this  fort,  collected  into 
cluders. 

§.  1 88.  Another  coagulating  juice,  which 
hardens  like  wife  by  mineral  acids  and  alcohol, 
is  the  albumenous  humour  of  the  joints,  which 
mixed  with  fome  fat  and  medullary  oil,  makes 
a mod:  foft  or  fmooth  liniment,  to  lubricate 
the  heads  of  the  bones  and  leden  the  fribtion 
of  the  joints.  For  the  reparation  of  this  lini- 
ment, certain  conglomerate  glandules  of  a pe- 
culiar fabric  are  affigned,  which  are  ufually  fo 
placed  in  the  rough  finuofities  of  the  joints, 
that  they  differ  a moderate  compreffure,  increa- 
fing  their  difcharge,  without  bruifing,  by  the 
motion. 

§.  189.  Thefe 
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§.  189.  Thefe  mucilaginous  glandules  have 
a peculiar  fabric.  The  larger  of  them  reft 
upon  the  bones  with  a broad  bafis,  from  whence 
they  are  gradually  extenuated  or  acuminated 
into  a ridge,  from  the  thinned  margin  in  which 
they  depolite  their  juice  by  open  duds.  They 
have  a good  deal  of  fat  intermixed,  and  are 
manifefUy  compofed  of  leffer  bunches.  Others 
dill  fmaller  are  fcattered  about  the  vaginal  cap- 
fules  of  the  tendons,  and  betwixt  the  dividing 
fibres  of  the  tendons,  which  laft  feem  to  be  al- 
mod  of  the  nature  of  fimple  glandules,  turgid 
with  a yellow  mucous  ferum. 

§.  190.  The  uncoagulable  juices  of  the  fird 
fort  (§.  176  ) are  fecreted  in  the  fame  manner 
with  thole  which  harden  (§.  175 .),  to  wit, 
fi  om  the  exhaling  arteries,  which  arile  from 
the  red  fanguineous  arteries,  without  any  inter- 
mediate follicle  or  cavitv  betwixt  them.  Thus 

j 

the  veffels,  which  pour  out  the  perfpirable 
matter  through  the  fkin  and  lacrymal  duds  of 
the  firft  fort,  lufFer  a watry  or  thin  gluey  in- 
jedion  to  tranfude  fo  readily  from  the  arteries, 
as  leaves  no  room  to  doubt  of  this  truth.  (And 
thefe  fecretory  duds  have  alfo  a coniiderable  de- 
gree of  irritability  j whence,  by  any  flimulus  or 
contad  of  acrid  particles,  they  difcharge  more 
juice  in  a given  time,  than  what  they  diftil  in 
a date  of  health.] 

§.  19 1.  Butin  the  latter  falival  kind  of  that 
clafs,  the  fecretion  is  made  by  means  of  con- 
glomerate glandules,  which  the  ancients  fo 
called  from  their  cluder-like  fabric,  and  edeem- 
ed  them  almoffc  the  only  proper  glands.  Thefe 
7 are 
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are  compofed  of  roundifh  lobules  or  clufters 
(fomewhat  like  thofe  in  bunches  of  grapes, 
currants,  berberies,  &c.)  loofely  conjoined  to- 
gether into  larger  mafles  by  the  yielding  cellu- 
lar fubftance,  which,  at  laft,  often  forms  a 
denfer  coat  or  covering  to  the  whole,  like  as  we 
fee  in  the  parotid  and  maxillary  glandules. 
Through  the  intervals,  betwixt  thefe  glandular 
clufters  or  grape-like  bunches,  run  the  arteries 
and  veins,  which  are  here  large  or  confider- 
able  enough.  But  moft  of  the  conglomerate 
glandules  feparate  their  juices  in  fuch  a manner 
from  the  blood,  and  from  thence,  difcharge 
it  fo,  that  each  grape-like  portion  fends 
out  an  excretory  ducft,  which,  joining  with 
others  of  the  fame  kind,  form  larger  trunks, 
which,  at  laft,  in  the  manner  of  a vein,  end  in 
one  canal,  which  conveys  the  humour,  fepa- 
rated  by  the  gland,  to  the  part  for  which  it  is 
defigned,  as  the  cavity  of  the  mouth,  inteftines, 
furface  of  the  eyes,  &c.  There  are,  indeed, 
fome  of  thefe  glands  in  which  the  faid  excretory 
dudts  are  either  not  prefent,  or,  at  leaft,  not 
yet  difcovered  3 as  we  obferve  in  the  thyreoidal 
glandules,  thofe  called  capfuls  renales,  the 
thymus,  and  the  pituitary  glandules, 

§.  192.  The  acini  or  kernels  of  thefe  con- 
glomerate glands  are  each  of  them  circum- 
fcribed  and  limited  by  a harder  ftratum  of  the 
cellular  fubftance  3 by  whiqh  fubftance  they  are 
alfo  fubdivided  into  lefier  acinuli,  as  is  evident 
to  the  eye,  and  by  the  microfcope.  But  it  may 
be  queftioned,  how  does  this  fubdivifion  end  ? 
whether  or  no  is  every  ftmple  acinus  or  kernel 

hollow 
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hollow  in  its  middle,  that,  by  receiving  the  hu- 
mour tranfuding  from  the  arteries  into  the  fol- 
licle or  cell,  it  may  be  fent  out  thence  by  the 
excretory  dudt  ? whether  or  no  are  we  perfuad- 
ed  to  believe  fuch  a fabric  obtains  from  the 
fmall  {hot-like  {tones  and  hydatides  bred  in 
thefe  glands,  with  the  round  fcirrhi  that  fome- 
times  fill  the  kidneys  ? whether  is  this  opinion 
made  probable  by  the  morbid  round  concretions 
formed  in  the  liver,  fpleen,  kidneys,  tefticles, 
and  cortex  of  the  brain  ? or  from  the  bunch- 
like divifion  or  appearance,  which  thofe  vilcera 
have  in  younger  animals  ? [whether  the  cellular 
fubftance,  that  furrounds  the  extreme  vafcules 
in  all  parts,  does  not  communicate  by  open 
areolas  or  cells,  in  which  a fecreted  humour  is 
poured  by  thefe  glandules  ?] 

§.  193.  In  fhort,  none  of  thefe  arguments 
appear  true  or  conclufive.  For  the  acini,  which 
are  found  in  the  vifcera  of  brute  animals,  are 
component  lobules,  and  not  elementary  parts  -t 
but  are  large  and  compounded,  for  the  conve- 
niency  of  each  beaft.  The  morbid  concretions 
are  almoft  all  of  them  a fort  of  placentulae 
formed  in  the  loculi  of  the  cellular  fubftance, 
and  take  up  their  feat  even  in  the  limbs  them- 
felves,  where  there  is  not  the  leaft  room  to  fuf- 
pe<ft  any  thing  of  a glandular  fabric ; and  are 
compofed,  as  to  their  matter,  of  oil,  earth  and 
vaporous  particles,  extravafated  into  fome  of 
the  leaft  interfaces  of  the  cellular  fubftance, 
where,  ftagnating  and  comprefiing  the  adjacent 
follicles,  they  form  to  themfelves  proper  mem- 
branous tunics.  On  the  contrary,  the  watry 
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and  fluid  nature  of  the  juice,  fecreted  in  thefe 
glands  (§.  176.),  are  arguments  that  it  meets 
with  no  arreftment  in  the  reparation,  nor  places 
of  ftagnation  in  its  way.  For  all  the  juices, 
which  reft  any  time  in  the  warm  cavities  of 
the  human  body,  which  are  full  of  abforbing 
veftels,  are  each  of  them  more  or  lefs  infpiffat- 
ed,  and  approach  either  towards  a mucous  or 
an  oily  difpofition.  Moreover,  if  there  were 
any  fuch  arreftments,  anatomical  injections 
would  meet  with  more  difficulty  in  paffing  from 
the  arteries  into  the  excretory  duCts  of  thofe 
glands;  which,  under  fuch  circumftances, 
would  be  impervious  to  thick  injections,  and 
thin  ones  they  would  exhale  into  their  cellular 
fabric.  Yet  we  fee  that  the  fuperlative  art  of 
great  anatomifts  has  not  only  conveyed  injec- 
tions, but  even  thick  ones  like  wax,  direCtly 
from  the  arteries  of  the  falival  glands,  liver, 
&c.  into  their  excretory  duCts,  and  this  with- 
out filling  up  any  intermediate  knot-like  cavities, 
which,  according  to  the  foregoing  hypothecs 
(§.  192.),  they  ought  to  exhibit. 

§.  194.  Therefore  the  acini  or  kernels  of 
thefe  glandules  appear  compofed  mei-ely  of 
arteries  and  veins  (which  laft  include  excretory 
duCts)  divided  and  fubdiviaed,  parted  and  con- 
nected by  the  intervention  of  a good  deal  of 
cellular  fubftance,  whofe  ftrata  growing  gra- 
dually more  compaCt  or  firm  as  they  enlarge, 
at  length  fhow  their  contents  moulded  into  a 
fort  of  globular  nut-like  figure.  In  the  belief  of 
this,  we  are  confirmed  by  analogy  in  the  lobes 
of  the  lungs,  the  lobules  of  the  thymus,  and 

from 


?74  Q/'  the  Secretions . 

from  the  ftrudture  of  infedts,  but  more  efpe- 
daily  the  fabric  of  the  tefticle,  in  which  we 
plainly  fee,  that  lobules  are  formed  of  excre- 
tory dudts,  connected  together  in  fafciculi  by  a 
very  foft  cellular  membrane.  [But  they  feem 
not  to  pour  their  juices  into  a cellular  fab;  ic, 
which  would  intercept  or  make  difficult  the  paf- 
fage  to  an  excretory  dud.] 

§.  195.  Thin  watry  juices,  neither  coagulable 
nor  wholly  evaporating,  are  likewife  in  other 
parts  generated  without  the  affiftance  of  con- 
glomerate or  kernelly  glandules.  For  thus  the 
urine  is  depofited  from  the  red  or  fanguineous 
arteries  into  membranous  pipes,  with  which 
they  are  manifeftly  continuous,  and  form  an 
eafy  way,  admitting  air,  water,  and  mercury 
to  pafs  in  like  manner.  And  after  the  fame 
manner,  though  lefs  evidently,  the  nervous 
juice  feems  to  be  feparated  in  the  brain. 

§.  196.  The  third  clafs,  or  mucous  juices 
(§.  177.)  are  indeed  almoft  every  where  fepa- 
rated into,  and  difcharged  from  finuffes  or  hol- 
low glands.  Thefe  true  glands  or  follicles  have, 
in  general,  fuch  a fabric  as  makes  up  an  ample 
cavity,  every  way  circumfcribed  by  a mem- 
brane ; but  in  fuch  a manner,  that  the  flefh 
itfelf  of  the  part,  to  which  the  gland  adheres, 
is* often  taken  for  another  clofe  hemifphere  of 
the  follicle.  The  faid  cavity  or  follicle  is  for 
the  generality  round,  but  fometimes  it  is  ob- 
long, and  obliquely  creeping  betwixt  the  adja- 
cent parts  ; as  for  example,  in  the  urethra  of 
the  male,  and  in  the  follicles  of  the  hnus  mu- 
liebris. 


§.  197.  Into 
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§.  197.  Into  thefe  follicles  or  cells  the  leaft 
arteries  (or  the  vafcular  flefh  furrounding  each 
crypta  or  cell,  and  compleating  its  convexity) 
open  by  produced  extremities  within  the  ca- 
vity of  each  crypta,  into  which  they  diftil  or 
exhale  their  refpedtive  juice,  where,  being  re- 
tained from  the  narrownefs  of  the  excretory 
du£t,  the  more  watry  parts  are  drawn  up  by  the 
abforbing  veins,  which  correfpond  to,  and  re- 
femble  the  exhaling  arteries ; and  thus  the  fol- 
licular or  cryptal  juices  receive  a confiderable 
degree  of  thicknefs.  The  truth  of  this  we  are 
taught  from  the  ftrudture  of  the  limple  folli- 
cles, obfervable  in  the  tongue,  in  which  both 
the  importing  arterial  duCts  or  pores,  and  like- 
wife  the  excretory  mouth,  are  vifible  to  the 
eye  ; and  from  the  velvet-like  tubuli  lining  the 
ftomach  of  birds,  quadrupedes  and  mankind, 
in  each  of  which  an  importing  fmall  artery,  a 
redudtory  vein,  and  an  excretory  canal,  appears 
to  open  pendulous  in  the  cavity  j and  laftly, 
from  injections,  which  difcharge  a colourlefs 
wax  into  the  fimple  glands. 

§.  198.  Whether  the  mucous  cavity  of  fuch 
a glandule  be  long  or  round,  it  has  always  an 
excretory  duCt,  which,  for  the  moft  part,  is 
none  of  the  leaft  ; although,  in  the  round  mu- 
cous glandules,  the  difcharging  duCt  or  orifice 
be  lefs,  in  refpeCt  to  the  referving  cavity,  than 
in  others.  This  difcharging  orifice  often  opens 
into  the  common  large  cavity,  into  which  the 
mucus  is  to  be  poured,  without  any  intermediate 
duCt ; for  thus  it  is  in  the  back  of  the  tongue, 
and  in  the  fimple  glands  of  the  ftomach  and 

inteftines. 
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inteflines,  where  they  have  been  denominated 
cryptas  or  ceils  by  Ruyfch.  The  finu  fifes  have 
often  the  like  fabric,  opening  without  an  inter- 
vening dud,  as  in  the  urethra  of  the  male. 

§.  199.  Another  kind  of  thefe  mucous  glan- 
dules are  thofe,  which  we  commonly  call  conglu - 
tinated ; where  many  limple  follicles  are  folded 
up  together  in  one  common  covering,  and  open 
with  their  gaping  orifices  into  one  common 
finus,  without  forming  any  true  excretory  dud. 
This  fabric  we  obferve  in  the  tonfils. 

§.  200.  Other  fimple  glands  of  this  clafs 
have  an  excretory  dudf^  by  which  they  expel 
their  mucus,  namely,  a narrow,  membranous, 
cylindric,  fmall  vefifel,  opening  with  its  pofte- 
rior  orifice  into  the  cavity  of  the  glandule, 
and  with  its  anterior  orifice  into  the  common 
cavity,  for  which  its  mucus  is  defigned.  Thefe 
excretory  duds  are  of  confiderable  length  in 
the  fubcutaneous  and  febaceous  glands,  and  in 
thofe  of  the  palate  and  wind-pipe.  In  fome 
parts  alfo,  the  pore  or  orifice,  and  its  dud,  are 
more  eafily  demonftrable,  than  the  follicle  or 
body  of  the  gland  itfelf ; as  in  the  noftrils, 
larynx,  redum,  &c. 

§.  201.  In  others  again,  an  afifemblage  of 
thefe  duds,  arifing  each  from  its  relpedive 
follicle,  run  together  into  one  like  the  branches 
of  a vein,  fo  as  to  form  a confiderable  excre- 
tory canal,  common  to  a number  of  follicles. 
To  this  kind  belong  the  compound  mucous 
glands  of  the  inteftiries,  fome  of  the  larger  in 
the  cavity  of  the  urethra,  with  the  blind  or 
impervious  dud  or  finus  at  the  root  of  the 

tongue* 
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tongue,  to  which,  in  brutes  and  birds*  add  the 
fringe-like  tubuli  of  the  ftomach.  The  glands 
of  this  fort  may  be  called  fimple  ones  compounded 
or  continuous  * but  where  they  lie  only  contiguous 
one  to  another,  they  may  be  called  fimple  ag- 
gregate or  congregated  glandules  * as  are  thofe 
of  the  fauces,  ftomach,  inteftines,  &c. 

§.  202.  The  inflammable  juices  (§.  178.) 
are  feparated  by  organs  differing  in  their  fabric. 
The  fat  and  marrow  are  depofited,  without  the 
intervention  of  glands,  from  the  fmall  mouths 
of  the  leaft  arteries  into  the  cellular  coat  or  ra- 
ther fubftance  * and  the  fame  fat  again  efcapes 
from  under  the  fkin  by  fmall  pores  or  du&s, 
without  the  affiftance  of  any  glandular  follicles. 
But  the  ear-wax,  and  the  waxen  or  fewety  lini- 
ment of  the  fkin,  are  feparated  by  glands  of 
divers  kinds.  Mol  of  the  febaceous  glan- 
dules are  vifible  enough,  with  an  open  or  naked 
mouth  in  the  fkin,  that  leads  immediately  in- 
to the  follicle,  without  any  duct  of  consider- 
able length*  as  we  fee  in  the  external  ears, 
nofe,  rings  about  the  nipples,  in  the  female 
nymphae,  and  the  valley  or  groove  that  runs  be- 
twixt them  and  the  external  labia,  in  the  cli- 
toris and  in  the  male  glans  and  prepuce. 
Thefe  differ  but  little  from  the  cryptae  (§.  1 87.) 
except  in  their  contained  matter,  which  they 
Separate. 

§.  203.  There  are  others  of  the  febaceous 
glands,  which  have  an  excretory  dud!  of  a con- 
siderable length,  like  moil  of  thofe  in  the 
fkin,  which,  being  Seated  in  the  cellular  fub- 
ftance, have  consequently  a duct  long  enough 
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to  perforate  the  fkin.  Thus  we  fee  it  is  in 
the  face  more  evidently,  where  the  length  of 
the  dud:  is  often  to  be  meafured  by  the  con- 
creted maggot- like  fubftance  preffed  out ; the 
bulk  of  which  demonftrates,  that  a follicle  or 
cell  lies  under  the  narrower  pore. 

§.  204.  There  are  ftill  other  febaceous  glands 
of  the  continous  or  conglomerate  kind  (§.  201.) 
in  which  many  cryptae  by  fmall  duds  meet  to- 
gether in  one  larger  excretory  dud.  Thus  in 
the  face,  in  feveral  places,  there  are  large  pores 
in  common  to  a number  of  fubjacent  crypta?. 
And  of  this  kind  are  thofe  febaceous  finks  or 
little  inteftines  in  the  eye-lids : and  thus  it  is 
in  the  organ  which  Separates  the  febaceous 
perfume  in  the  febaceous  glandules  of  the 
mufk-goat  of  America. 

§.  205.  The  milk,  being  a humour  of  its 
own  particular  kind,  formed  of  oil  and  watry 
juices  intermixed,  is  feparated  by  conglome- 
rated glandules,  whofe  fabric  we  defcribed  at 
§.  1 9 1 . Whether  the  fecretion  of  the  bile  be 
glandular,  is  controverted ; but  there  are  many 
arguments  to  perfuade  us,  that  the  liver  is  a 
mere  vafcular  fabric,  whence  the  bile  diftils  im- 
mediately from  the  extremities  of  the  porta  into 
the  pori  biliarii  or  roots  of  the  biliary  duds, 
without  paffing  any  cells  or  follicles  by  the 
way ; and  in  this  we  are  more  efpecially  con- 
firmed by  the  Ruyfchian  art  of  injedion,  in 
which  the  wax  pafles  diredly  from  the  porta 
into  the  biliary  duds,  without  exhibiting  any 
intermediate  knots  or  ftoppages ; and  therefore 
we  fee  the  milk  and  bile  are  both  of  them  much 
1 thinner 
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thinner  and  more  watry  than  the  fat,  or  the 
febaceous  matter,  which  thicken  in  follicles. 

§.  206.  It  now  remains  for  us  to  enquire, 
how  from  one  common  mafs  of  the  blood, 
the  fame  variety  of  peculiar  juices  are  con- 
ftantly  feparated,  each  in  their  refpeCtive  places; 
fo  that  we  never  fee  milk  fecreted  in  the  kid- 
neys, bile  in  the  thymus,  or  mucus  in  the  fe- 
baceous glandules.  This  problem,  indeed, 
may  be  folved  by  one,  who  fhall  have  pre- 
vioully  acquired  a thorough  knowledge  of  the 
intrinflc  fabric,  that  obtains  in  each  fecretory 
organ.  In  the  mean  time,  we  fhall  here  pro- 
pofe  what  has  been  hitherto  advanced  with 
certainty  on  that  fubject  from  any  known  prin- 
ciples, whofe  truth  we  are  convinced  of. 

§.  207.  And  firft,  the  blood  itfelf,  from 
whence  the  humour  is  to  be  fecreted,  under- 
goes a fort  of  hygraulic  preparation  in  the  va- 
rious parts,  by  which  it  puts  on  fuch  a cha- 
racter or  difpofition  there  peculiar  to  itfelf,  that 
more  particles  of  a like  nature  with  the  hu- 
mour abound  in  that  blood,  which  nature  in- 
tends to  feparate  from  it.  In  the  liver,  the 
venal  blood  arrives  with  a very  flow  motion, 
full  of  oil,  and  full  of  the  femiputrid  vapours 
of  the  inteftines.  At  the  teffides,  the  blood 
is  brought  flowly  through  very  long  (lender  and 
infleCted  canals,  arifing  at  very  fmall  angles, 
and  pafling  out  of  the  abdomen  through  a cold 
traCt  under  the  fkin.  In  the  carotids,  it  is 
probable  that  the  denfer  parts  of  the  blood 
alcend,  while  whatever  is  more  watry  descends 
.into  the  abdomen  and  to  the  kidneys ; alfo  to 
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the  forming  of  the  falival  juice  of  the  pancreas, 
liquor  of  the  domach  and  intedines. 

§.  2o'h  Another  preparation  of  the  blood 
towards  fecretion,  is  from  its  retardation  in  the 
lead  veffels  : whereby  the  red  and  denfer  parts 
go  on  by  themfelves  along  the  axis  of  the  canal, 
while  the  other  lighter  and  more  fluggifh,  or 
vifcid  and  lefs  moving  particles,  recede  to  the 
lateral  opening  or  branches,  fo  as  to  enter  the 
fecretory  orifices,  which  pafs  out  from  the  fides 
of  the  faid  veffels. 

§.  209.  The  lights  of  thefe  lateral  or  fecre- 
tory orifices,  though  of  different  diameters  in 
different  parts,  are  yet  always  fmall  enough, 
in  their  healthy  and  natural  date,  to  refufe  the 
red  blood.  Hence,  therefore,  we  may  con- 
clude, that,  being  enlarged  by  an  increafed 
force  of  the  heart,  they  every  where  admit  a 
good  deal  of  the  red  blood  from  the  fangui- 
neous  artery,  which  they  arife  from,  and  open 
into  ; being  in  their  natural  date  not  much  lefs 
than  the  red  globules.  And  hence  the  fame 
fecretory  orifices  or  dudes,  which  refufe  thick 
injedtions  of  wax  or  fewet,  do,  neverthelefs, 
generally  admit  thinner  liquors  injedted  into  the 
arteries.  Therefore  this  is  the  fird  and  mod 
limple  mechanifm,  or  machine  of  fecretion ; 
viz.  that  the  light  or  opening  of  the  excretory 
dudl  may  admit  only  fuch  particles  as  have  their 
greated  diameter  lefs  than  the  diameter  of  the 
faid  opening.  From  this  reafon  only,  it  is, 
that  the  yellow  arteries  convey  off  a pure  li- 
quor from  the  blood,  and  that  the  uriniferous 
dudts  exclude  both  the  red  blood  and  coagulable 

ferum. 
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ferum.  [But  this  is  not  the  foie  caufe,  fince 
the  fame  juices  are  generated  by  large  as  by 
fmall  animals.] 

§.  210.  Merely  by  this  law,  (of  the  fecern- 
ing  orifices)  the  fecreted  juices  may  be  of  many 
different  forts:  for  thofe,  whofe  lights  or 

tranverfe  fedions  are  the  lead:,  will  receive  only 
the  thinned:  juices,  as  in  the  fmall  veffels  of  the 
brain ; and  the  larger  duds  will  admit  water 
and  jelly,  while  the  thicked  fat  will  enter  the 
biggeft  of  all.  Moreover,  if  a number  of  de- 
cretory organs  are  formed  in  a fucceflion  from 
one  decerning  artery,  each  of  them  having  large 
mouths  or  duds ; in  that  cafe,  the  lad,  which 
come  out  from  the  faid  artery,  will  receive  only 
the  thinned  juices.  But  if  thofe,  which  are 
fird  formed  in  order  from  the  decerning  artery, 
have  fmaller  duds,  then  the  lad  only  will  re- 
ceive the  groffed  juices. 

§.  211.  From  hence  it  is,  that  the  fecretions, 
which  are  generally  made  immediately  from 
fanguineous  arteries,  without  pafiing  the  ferous 
lateral  ones,  (§.  44.)  are  all  of  grofs  juices, 
thick,  coagulable  or  watry ; as  the  fat,  urine, 
juice  of  the  domach  and  intedines,  &c.  But 
the  other  thinner  juices  are  (3.)  fecreted  not 
from  fanguineous,  but  from  fmaller  pellucid 
arteries  arifing  from  the  former.  To  the  decern- 
ing mouths,  therefore,  of  thefe  lad  not  only 
no  red  blood,  but  no  ferum,  fat  or  other  grofs 
juices  can  have  admittance.  Thus  the  more 
thin  and  pure  humours  are  feparated  of  confe- 
quence ; as  for  example,  in  the  eyes,  cortex 
of  the  brain,  &c, 
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§.  212.  Some  (hare  of  the  fecretion  ought, 
perhaps,  to  be  allowed  (4.)  to  the  angle , which 
the  fecretory  branch  intercepts  with  its  trunk. 
For  it  is  eafily  demonftrated,  that  at  right  and 
retrograde  angles,  only  the  vifcid  and  fluggifh 
juices  are  expelled  by  the  ftronger  force  of  the 
denfer  particles,  which  hold  on  their  courfe 
along  the  middle  of  the  artery ; whilft  the 
denfer  go  off  at  half  right  angles.  For  thofe 
who  have  made  the  trued;  obfervations  on 
living  animals,  have  feen,  that  the  velocity 
of  the  blood  is  greateft  in  veffels  of  the  acuteft 
angles,  and  lefs  in  thofe  of  right  angles.  That 
the  effedt  of  thefe  angles  in  the  veffels  is  con- 
siderable, with  regard  to  the  fecretion,  w*e  are 
perfuaded  from  the  ftrudture  of  them  in  feve- 
ral  parts  of  the  body,  fince  they  form  different 
angles  in  different  parts,  with  refpedt  to  their 
trunks ; and  in  fome  parts  compofe  net-works, 
For  the  fmall  veffels,  in  general,  refemble  the 
branchings  of  little  trees  or  fhrubs,  the  trunks 
and  arms  of  them  every  way  fending  out  (mai- 
ler branches,  but  in  different  angles  ; at  fmall 
angles,  for  inftance,  in  the  large  inteftines,  and 
at  larger  angles  in  the  (mailer  inteftines.  T hus 
in  the  fpleen,  the  fmall  red  arteries  arile  lo 
thick  from  their  trunks,  that  they  refemble  a 
wifk  or  fprinkler;  in  the  inteftines,  they  re- 
femble pencil  brufhes,  vermicular  arches  in  the 
kidneys,  ftars  in  the  liver,  a radiated  circle  in 
the  uvea,  and  in  the  tefticle,  a lock  of  hair 
curled  up  into  a button.  But  we  defervedly 
receive  it  as  £ rule,  that  the  creator  never  made 
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this  diverfity  of  fabric,  without  its  proper  ufs 
and  effedts. 

§.  213.  And  (5.)  the  inflexions  of  the  final  - 
ier  veffels  greatly  retard  the  motion  of  the 
blood,  in  which,  therefore,  the  greater  part  of 
the  force  received  from  the  heart,  is  evidently 
fpent  in  changing  the  figure  of  the  veffels.  The 
repeated  inflexions,  therefore,  of  the  fecretory 
arteries  increafe  the  vifcidity  of  the  juice,  by 
delaying  the  flux,  and  giving  the  parts  more 
time  to  cohere  or  attradl  each  other.  But  a 
ftrait  courfe  of  the  veffels  increafes  the  celerity 
of  their  fluid,  whence  a copious  and  eafy  fe- 
cretion ; but  then  it  makes  the  fecretion  more 
un-uniform  or  impure,  as  we  fee  in  the  urine. 

§.  214.  That  the  fmaller  arteries  have  (6.) 
different  degrees  of  denflty  or  firmnefs,  there  is 
no  reafon  to  doubt ; fince  we  adtually  find  it  fo 
by  experiments  in  the  larger  branches.  But 
the  denfer  the  capillary  arteries,  the  more  they 
refill  the  light  and  flowly  moving  particles,  and 
yield  only  to  the  more  denfe  ones,  that  have  a 
greater  impetus. 

§.  215.  And  lallly,  (7.)  the  velocity  is 
greatly  increafed,  when  the  excretory  dudt 
arifes  a good  deal  before  the  extremity  of  a 
larger  arterial  branch  that  ends  with  a Ihort 
courfe ; and  is  equally  diminilhed,  when  the 
fmall  fecretory  artery  runs  a long  way  capillary 
and  cylindrical,  whereby  the  blood  lofes  the 
greater  part  of  its  motion  in  fridtion.  Finally, 
from  whatever  qaufe  the  diverfity  of  the  blood’s 
motion  may  arife,  a greater  velocity  of  it 
eaufes  the  fecreted  juices  to  be  more  denfe  or 
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heavy,  more  grofs  and  un-uniform  or  impure  : 
but  flownefs  of  its  motion  increafes  the  attrac- 
tion and  vifcidity,  and  probably  renders  the  fe- 
creted  juice  more  pure  and  homogeneous,  as 
the  fimilar  particles,  thus  forted  and  brought 
together,  can  better  attract  and  join  each  other 
under  a flow  motion,  fo  as  to  retain  the  larger 
canal,  while  the  thinner  parts  go  off  by  the 
leffer  lateral  branches.  From  hence  it  is,  that 
only  the  impulfe  of  the  heart  being  too  much 
increafed,  all  the  fecretions  are  confufed. 

§.  216.  From  all  that  has  been  hitherto  ad- 
vanced, we  may  now  begin  to  perceive,  that, 
flnce  the  blood  contains  particles  of  various 
kinds,  fome  fluggifli  or  ropy,  others  mucous, 
others  coagulable;  fome,  again,  very  fluid, 
others  more  denfe  and  red,  fome  glutinous, 
fome  watry  and  thin,  others  fat  and  grofs 
(§.  175  and  feq.) : aihong  all  thefe  particles, 
thofe,  which  are  the  largeft  and  moft  denfe,  as 
the  red  and  yellow  globules,  will  go  on  moft 
towards  the  axis  of  the  veffel,  fo  as  to  pafs  on 
in  a continued  courfe  from  the  artery  into  the 
trunk  of  the  fanguineous  vein,  §.  37. 

§.  217.  Thofe  particles,  which  are  ramous, 
grofs  and  fluggifli,  as  the  fat,  muft  needs  go  off 
laterally  by  larger  orifices  from  the  fanguineous 
artery,  by  fhortdudts;  for  long  ducfts  would 
make  a flop  to  fo  fluggifli  a juice,  as  the  fat 
or  oil.  Therefore  we  fee,  that  the  circupi- 
ftances  or  phenomena  of  the  adipofe  fecre- 
tion  (§.  20.)  agree  with  this  description.  Such 
parts  as  are  coagulable,  but  fpecifically  heavier 
than  thofe  which  are  merely  watry,  kept  fluid 
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only  while  the  powers  of  life  are  in  adion ; 
thefe  pafs  off  laterally  from  the  fanguineous, 
into  the  pellucid  arteries,  lefs  than  the  red  arte- 
ries, with  which  they  are  continuous  j whether 
thefe  pellucid  ones  are  continued,  on  in  the  na- 
ture of  trunks,  fending  off  other  fmaller 
branches,  like  the  lead:  arteries  (§.  40.)  ; or 
whether  they  exhale  their  contents  by  a fhort 
extremity,  like  the  veffels  of  §.  170. 

§.  218.  Thin  watry  juices  may  evidently 
pafs  off  by  any  veffels  continous  with  the  fan- 
gineous  ones  or  the  leffer  ones  (§.  44.),  pro- 
vided they  be  only  fmall  enough  to  refufe  the 
groffer  juices : and  this  whether  they  come  out 
from  the  tides  of  the  larger  arteries,  or  whe- 
ther by  a long  continued  courfe,  and  fending 
off  all  the  groffer  juices  by  large  lateral  branches, 
they,  at  length,  end  in  a fmaller  pellucid  ca- 
nal inftead  of  a trunk,  like  that  which  fup- 
plies  the  clear  contents  of  the  eye.  To  the 
production  of  thefe  juices,  the  moft  timple  fa- 
bric is  fufticient : even  a dired  continuation 
of  the  fecretory  artery  itfelf  into  an  excretory 
dud,  as  we  fee  in  the  urine.  Therefore  the 
duds  and  veffels  have  here  a tiraight  and  timple 
courfe,  with  few  or  no  inflexions,  and  a pro- 
portionable velocity  or  celerity,  as  yet  holds  in 
the  courfe  of  their  contained  juices. 

§.  219.  Such  juices,  as  being  watry,  light, 
mucous  and  vifcid  at  the  fame  time,  are  con- 
fequently  fluggifh  and  lefs  moveable ; thefe 
may  be  eatily  fecreted  by  fhort  narrow  duds 
of  a lefs  diameter  than  to  admit  the  fat,  and 
appended  to  the  fanguineous  arteries ; and, 
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therefore,  it  is  evident,  thefe  will  be  feparated 
from  the  blood  more  abundantly  in  fome  parts 
of  the  body  than  others,  namely,  where  the 
velocity,  received  from  the  heart’s  impulfe,  is 
lefs,  the  flexures  of  the  artery  more  frequent, 
and  where  the  extent  of  the  capillary  artery 
ihall  be  carried  to  a greater  length. 

§.220.  Whether  or  no  ought  we  to  afcribe 
to  each  particular  part  the  ferments,  pores, 
fpecific  weights,  or  filters,  which  determine 
the  nature  of  the  humours  to  be  generated  ? 
one,  who  admits  of  thefe,  ought  to  confider 
the  great  difference  there  is  in  one  and  the  fame 
juice,  feparated  in  the  fame  part  of  the  body, 
according  to  the  difference  of  age,  courfe  of 
life,  &c.  The  bile  in  a fcetus  is  generated 
fweet,  the  femen  thin  and  without  vermicles, 
the  milk  either  none  or  very  watry,  the  urine 
watry,  mucous  and  infipid,  the  uterine  mucus 
very  white,  the  cutaneous  veffels  full  of  red 
juices,  the  lymphatic  or  watry  iuices  redifh, 
and  the  fat  gelatinous.  By  the  fame  organs, 
in  an  adult  perfon,  the  bile  feparated  is  fharp  or 
acrid,  the  femen  thick,  the  milk  fweet  or  oily, 
the  urine  yellow,  thin  and  alcalelcent,  the 
womb  difcharges  a menfirual  blood,  and  lym- 
phatic aqueous  humours  are  mod:  clear.  But, 
even  in  the  adult  perfon,  how  different  is  the 
urine ; at  one  time  watry,  at  another  thick  or 
concofted,  in  a fever  high  coloured  and  heavier, 
full  of  falts  and  oils.  The  paffions  of  the  mind, 
which  make  no  other  change  in  the  body  than 
that  of  ftriftures  in  the  nerves,  yet  wonderfully 
change  the  face  of  the  lecretions,  and  expel  even 
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the  blood  and  bile  through  the  veflels  of  the 
fkin.  Add  to  this  the  frequent  difturbance  of 
the  fecretions,  and  changes  to  which  they  are 
liable  from  flight  caufes ; fo  that  only  an  in- 
creafed  celerity  fhall  caufe  feveral  differing  li- 
quors to  be  fecreted  by  one  and  the  fame  or- 
gan : for  ferum  and  blood  have  been  known 
to  pafs  into  almoft  all  the  paffages  of  the  fe- 
creted juices,  into  thofe  of  the  fweat,  tears, 
mucus  of  the  noffrils  and  of  the  womb,  and 
into  the  ladtiferous,  feminal  and  urinary  dudts, 
as  well  as  the  fat.  A true  milk  has  been  feen 
feparated  by  glands  in  the  thigh.  When  the 
urine  has  not  been  excreted  by  its  natural  courfe 
through  fome  defedt  of  the  kidneys,  ureters 
or  bladder,  it  has  paffed  by  the  fkin,  exhaled 
into  the  ventricles  of  the  brain,  or  even  into 
the  whole  cellular  fabric.  The  perfpirable 
matter  of  Sandtorius,  however  thin,  is  often 
by  cold  drove  through  the  nofe  6r  kidneys,  or 
by  the  fame  caufe,  by  fear,  or  by  medicines,  is 
depofited  through  the  excretory  villi  of  the 
inteftines.  That  exhaling  vifcid  juice,  fecreted 
by  the  fame  organ  with  the  fat,  from  which  it 
fo  much  differs,  into  the  cellular  fubftance,  is 
depofited,  takes  place  of  the  fat,  is  re-abforbed 
and  alternates  again  with  the  fame,  §.  20,  &c. 
A falivation  fupplies  the  place  of  the  Sandtorian 
or  cutaneous  exhalation  externally,  and  of  the 
cuticular  exhalation  internally.  The  bile  re- 
abforbed  appears  evidently  flowing  in  the  vef- 
fels  of  the  eyes.  Nor  does  there  appear  any 
thing  in  the  fabric  of  any  of  the  vifcera  or 
glandules  that  can  fix  or  maintain  the  nature 
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of  the  fecerned  fluid ; but  that  a greater  or 
lefs  velocity,  or  a flri&ure  of  the  nerves,  fhall 
produce  differently  changed  juices  in  the  entire 
organs. 

§.221.  It  now  remains  for  us  to  difcover, 
how  the  fecretions,  in  a healthy  perfon,  be- 
come pure  or  uniform.  For  all  the  juices,  that 
have  been  lately  fecreted,  (without  excepting 
any,  even  the  oil  or  fat  itfelf)  have  a great 
many  watry  particles  intermixed  j fo  that  none 
of  the  thicker  juices  feem  capable  of  being 
formed  without  having  a mixture  of  the  thin- 
ner watry  ones ; how  then  do  the  femen,  bile, 
fat,  mucus,  and  other  thick  juices  depofite  their 
firff  watry  flate,  and  acquire  their  proper  vif- 
cid  condition  and  other  qualities  ? 

§.  222.  For  this  end,  therefore,  nature  has 
framed  glands,  with  large  and  fmall  follicles  or 
refervoirs,  for  retaining  the  fecerned  juices, 
from  which  the  watry  parts  are  required  to  be 
feparated,  to  render  the  remaining  part  more 
flrong  and  vifcid.  The  mucus,  at  its  firfl  de- 
pofition,  is  thin  and  watry  as  yet,  but  little 
differing  from  the  perfpirable  vapours  or  tears, 
in  which  flate  it  diflils  into  the  cavity  of  the 
noftrils,  wind-pipe,  and  inteflines.  This  is 
not  continually  difcharging,  becaufe  the  ex- 
cretory orifice  is  lefs  than  the  retaining  cell  or 
follicle,  §.  189.  and  the  excretory  dudt,  being 
fometimes  long  and  flender,  fo  retards  the 
juice  that  it  cannot  pafs  out'but  by  the  afiiflance 
of  a prefhure,  or  often,  perhaps,  not  without  a 
fort  of  nervous  fphindter  at  its  orifice,  be  from 
the  irritating  quantity  or  acrimony  of  the  juice 

relaxed. 
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relaxed.  This  appears  from  the  morning  dis- 
charges of  mucus  by  blowing  the  nofe,  cough- 
ing up  from  the  lungs,  and  by  fneezing  after  the 
no&urnal  ftagnation.  In  the  mean  time,  the 
patulent  veins,  extended  into  the  cavity  of  the 
follicle,  abforb  the  more  aqueous  parts  from 
the  thin  mucus,  that  it  may  become  thicker, 
as  it  is  retained  longer  ; but  if,  by  the  force  of 
fome  ftimulus,  it  be  diredtly  difcharged  after 
it  is  fecreted,  it  comds  out  thin  and  watry. 
Examples  of  this  we  have  in  the  urethra,  in 
the  noftrils  and  in  the  ear-wax ; as  alfo  in  the 
bile,  which,  at  its  firft  feparation  in  the  liver, 
is  watry,  and  has  but  little  yellownefs  or  bitter- 
nefs.  It  is,  therefore,  retained  by  a large  fol- 
licle or  gall-bladder,  and  there  digefted  or 
exalted  by  the  vital  heat,  and  its  more  thin  or 
watry  parts  exhaled  or  abforbed  by  the  veins ; 
whence  the  remainder  becomes  more  thick, 
bitter  and  oily,  or  faponaceous.  The  fame  me- 
chanifm  takes  place  in  the  femen,  which,  being 
referved  in  the  feminal  veficle,  is  there  thicken- 
ed, fo  as  to  be  very  vifcid  after  long  chaftity ; 
but  in  repeated  venery  ’tis  expelled  very  fluid. 
In  fome  places  nature  has  made  this  receptacle 
two  or  three  times  folded  together  in  one  and 
the  fame  organ,  when  her  defign  was  to  form 
a very  thick  juice.  Thus  the  feminal  paffage 
is  in  the  tefticles  reticular,  in  the  end  of  the 
epididimis  one  large  canal,  ending  in  a larger 
•veficle;  whence  the  veflels  at  the  tefiicle  are 
narrow,  and  fo  again  are  the  vas  deferens  with 
the  proftatic  dudt. 


§.223. 


19®  Of  the  Secretions. 

§.  223.  Hence,  therefore,  there  are  never 
any  glandules  placed  in  a part,  but  for  the  fe- 
paration  of  a vifcid  juice ; or  if  a vifcid  liquor 
is  any  where  feparated  from  the  arteries  with- 
out a glandular  or  follicular  fabric  intervening, 
it  then  always  ftagnates  in  fome  larger  veficle 
or  cavity,  of  which  we  have  examples  in  the 
feed,  bile,  fynovia  of  the  joints,  and  in  the 
fat. 

§.  224.  A fecerned  juice  may  be  likewife 
changed  in  its  receptacle  by  irroration  or  the 
affufion  of  fome  new  liquor.  Thus  the  fe- 
men  thickens  by  an  affufion  of  the  proftatic 
liquor,  the  chyle  is  thinned  by  mixture  with 
the  faliva  and  pancreatic  juice,  and  that  which 
diftils  from  the  villi  of  the  ftomach  and  in- 
teftines,  and  by  an  affufion  of  the  bile  it  be- 
comes alcalefcent ; and  again  the  fynovia  or 
albumen  of  the  joints  is  tempered  by  fat  and 
medullary  oil,  §.  188. 

§.225.  But  the  great  ufe  of  the  follicles  and 
receptacles  of  glands  is  to  preferve  the  juice, 
of  whatever  kind  it  be,  for  thofe  times  in 
which  it  is  moft  neceffary  to  be  employed  in 
the  actions  of  life.  Thus  the  bile  is  referved 
for  the  time  of  digefiion,  the  femen  for  due 
and  lawful  venery,  and  the  mucus  of  the  nofe 
is  accumulated  in  the  night  to  temperate  the 
force  of  the  refluent  air  in  the  day. 

§.  226.  Therefore  as  nature  has  in  this  way 
framed  machines,  by  which  the  juices  are  re-, 
tarded  in  the  large  and  fmall  follicles,  fo  fhe  has 
made  others  to  expel  them  at  fuch  convenient 
times.  To  fome  glands  fhe  has  given  parti- 
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cular  mufcles  for  this  ufe,  as  in  the  tefticles  of 
brutes,  the  urinary  bladder  and  the  gall-blad- 
der j or  elfe  fhe  has  placed  other  mufcular 
machines  round  them,  which,  by  ading  at 
convenient  times,  expel  the  contained  fluids  ; 
as  for  example,  in  the  mufcular  coat  of  the 
ftomach  and  inteftines.  In  other  parts  (he  has 
added  contiguous  and  incumbent  mufcles  to 
promote  the  difcharge,  as  in  the  biventers 
and  mafleters  of  the  lower  jaw;  or  elfe  Ihe 
has  again  joined  to  them  a kind  of  nervous  ir- 
ritability, which,  being  excited  to  adion  by  aa 
unavoidable  ftimulus,  opens  the  fhut  paflages 
to  the  milk,  feed,  tears,  &c. 

§.  227.  The  feveral  particular  juices,  which 
are  derived  from  the  blood,  we  fhall  defcribe 
more  accurately,  under  their  refpedive  organs. 
But  before  we  defcend  to  the  particular  fecre- 
tions,  it  was  neceflary  for  us  firft  to  fpeak  of 
fecretion  in  general,  and  efpecially  of  that  uni- 
verfal  one,  which  is  made  of  the  nutritious  fe- 
rum  or  lymph  through  all  parts  of  the  body ; 
thus  we  may  next  proceed  to  the  appofition  or 
accretion  of  it,  to  fupply  the  deficiency  of  fuch 
parts  as  are  daily  wafting  in  the  human  body. 
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LECTURE  VIII. 

Of  nutrition . 

§.  22%  J | ^ H E human  body  is  made  up  of 
folids  and  fluids  (§.  i.),  of 
which  the  latter  appear  to  be  in  much  the 
greater  proportion,  if  we  confider  their  origin 
from  a fluid  nourifhment,  the  great  quantity 
of  the  blood  (§.  167.),  the  proportion  of  the 
lights  of  the  veflels  to  their  fluid  contents,  the 
filling  of  the  veflels  by  waxen  injections,  the 
fmall  weight  or  bulk  to  which  the  body  is 
often  reduced  by  difeafes,  by  putrefaction  or  a 
chemical  diftillation,  or  by  an  exhalation  of 
what  is  more  fluid. 

§.  229.  That  the  fluids  are  perpetually 
wafting  is  eafily  demonftated.  Thofe  which 
are  watry,  are  the  moft  readily  thrown  out  of 
the  body.  The  SanCtorian  perfpiration,  with 
that  of  the  lungs,  often  amounts  to  three  and 
four  pounds  per  diem.  But  even  the  thicker 
coagulable  juices  are  perpetually  diflolved  by 
the  healthy  human  heat,  equal  to  96  degrees, 
joined  with  the  attrition  of  the  globules  among 
themfelves,  and  againft  the  fides  of  the  arte- 
ries (§.  148.) ; ’till  being  fufficiently  volatilized, 
they,  at  length,  fly  off  or  efcape.  Even  the 
urine  is  neither  wholly  a watry  liquor,  nor 
compofed  merely  of  the  recrementitious  parts 
of  our  aliments,  but  is  in  part  formed  ot  our 
worn-out  humours,  fince  it  is  found  alcalsfcent 
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and  replete  with  the  fame  kind  of  oil,  earth* 
fixed  air,  and  fpirit,  which  the  blood  itfelf 
contains.  Part  of  the  bile  alfo  and  of  the  in- 
teftinal  juices  are  daily  excluded  by  ftool,  to  the 
quantity  of  fome  ounces,  A further  proof  of 
this  wafle  in  the  fluids,  we  have  from  the 
leannefs  and  collapfion  of  the  body  that  follows 
great  exercife,  fevers,  the  force  of  purga- 
tives, &c. 

§.  230.  But  the  fluids  are  not  the  only  parts 
of  the  body  which  wafle,  for  the  folids  like- 
wife  are  daily  confumed  by  their  perpetual  ac- 
tions in  life.  This  is  eafily  proved  from  the 
wafting  caufes  themfelves  j for  the  blood, 
being  thrown  with  great  impulfe  by  the  heart 
into  the  convexities  of  the  crooked  veffels,  ex- 
tends them  in  all  their  dimenfions,  both  as  to 
length  and  breadth ; foon  after  which,  the 
flraightened  veffels  return  by  their  elafticity 
again  into  their  wrinkled  or  vermicular  pofitionsj 
and  this  change  they  fuffer  an  hundred  thou- 
fand  times  in  a day,  by  a force  fufficient  to  grind 
even  wood  or  metals  : fuch  a fridionmufl,  there- 
fore, of  courfe  confume  the  loofely  cohering 
parts  of  our  body,  made  up  of  a friable  earth 
and  glue  (led:.  I.),  eafily  refolvable  by  fire  or 
putrefadion.  This  fridion  happens  in  all  the 
veffels,  but  is  more  efpecially  enormous  in  the 
leaft  veffels ; while  the  fibres  are  extended  in 
length,  the  intermediate  glue  likewife,  by  the 
extenfion,  lofes  of  its  attradive  force,  and  if 
the  difiending  or  impelling  force  does  but  a 
little  exceed  that  of  attradion,  the  glue  muft 
be  expelled  from  the  intervals  betwixt  the 
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earthy  elements.  This  is  confirmed  by  rup- 
tures of  the  membranes  of  the  aorta  in  old 
people. 

§.  231.  That  there  is  a difiblution  of  parts 
in  the  extreme  cut  off,  exhaling  veffels,  both 
external  and  internal,  made  by  the  force  of  the 
blood  and  juices,  is  demondrable  from  the 
loofe  and  free  opening  of  the  laffc  elements  of 
the  fibres,  only  one  of  which  adheres  to  the 
remaining  part  of  each  canal.  From  hence 
comes  the  fcurf  or  fordes  made  by  a confump- 
tion  of  the  cuticle,  the  quick  growth  of  the 
hair  and  nails,  with  the  increafe  of  the  teeth, 
which  is  none  of  the  flowed:. 

§.  232.  That  the  cellular  fabric  of  the  veffels 
is  wor e away  not  only  within  their  cavities,  but 
likewife  on  all  fides  without,  will  eafily  appear 
from  confidering  the  very  weak  coheficn  of 
this  fubilance,  fo  eafily  diffolvable  by  macera- 
tion only,  with  the  violent  attrition  it  buffers 
betwixt  the  impelled  blood  and  the  adjacent 
mufcles,  tendons,  and  contiguous  bones.  The 
circumjacent  fat,  indeed,  abates  this  attrition, 
but  does  not  wholly  remove  it. 

§.  23}.  The  cellular  tiffue  or  web-like  fub- 
ftance,  which  makes  the  iolid  firatum  or  bafis 
of  the  membranes  and  vifcera,  muff  neceffa- 
rily  diffoive  and  return  into  the  date  of  a fluid, 
through  an  abrafion  of  fragments,  made  by  the  ' 
Vibrations  of  the  arteries,  which  are  always 
annexed  to  it  in  every  part  of  the  body.  The 
fame  dilfolving  effedts  likewife  have  the  vio- 
lent and  almod  inceffant  motions  of  the  mufcles, 
which,  by  the  repeated  flexions  and  extenfions 
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of  their  fibres,  muft  operate  thus  in  a very 
tonfiderahle  degree  : for  the  nature  of  things, 
in  general,  demonftrate  this,  fince  nothing 
more  powerfully  foftens  or  dififolves  the  hard- 
eft  bodies  than  a repeated  and  ftrong  flexures 
of  their  parts ; whence  of  courfe  the  fame 
power  will  have  the  fame  effiedt  in  diflblving 
our  cellular  fubftance,  compofed  but  of  foft 
fibres,  lately  made  out  of  a gelatinous  glue  % 
and  fo  far  from  folidity,  that  it  contains  many 
intermediate  vacuities,  with  a diftindl  fepara- 
tion  of  its  thin  parts  by  intervening  fluids, 

§•  IO* 

§.  234.  Even  the  firmnefs  of  the  bones 
themfelves  does  not  fecure  them  from  a flow 
diflolution,  and  a perpetual  renovation  3 for  that 
new  ftamina  are  formed  in  the  hardeft  bones 
is  evident  from  the  morbid  protuberances  of 
the  teeth  in  fcorbutic  patients  5 from  the  in- 
flexions or  curvatures  of  the  fibres  of  the  teeth 
round  fma.il  leaden  fhot  3 and  laftly,  from  the 
wonderful  overgrowing  or  fprouting  of  thofe 
teeth  obferved  both  in  brutes  and  men,  which 
have  long  loft  their  oppofites.  Laftly,  that 
the  oflific  juice  or  matter  changes,  and  that  the 
old  carried  off  is  fucceeded  or  replaced  by  new 
matter,  appears  plainly  from  the  degeneration 
of  found  hard  bones  into  the  foftnefs  and  con- 
fiftence  of  flefh  3 from  the  venereal  tophi  of 
excrescences  formed  by  a corrupt  oflific  juice, 
with  the  incurvation  of  the  bones,  that  fuoer- 
venes  an  acrimonious  or  vitiated  ftate  of  the 
juices  3 and  from  the  removal  or  cure  of  thefe 
by  internal  medicines : add  to  thefe,  the  red  co~ 

O % lemj 


ig6  Of  Nutrition . 

lour  that  is  introduced  into  the  fubftance  of 
the  bones  by  giving  madder  with  the  food  of 
animals,  and  the  diffipation  thereof,  or  refti- 
tution  of  the  bones  to  their  natural  colour 
again  by  changing  their  diet.  Laftly,  that  the 
bones  of  old  people  truly  wafte  or  decay,  is 
confirmed  by  the  experiences  of  many  able 
anatomifts. 

§.  235.  Hence,  therefore,  ’tis  evident  the 
whole  Irving  body  is  in  a perpetual  ftate  of 
fluxion,  confumption  and  renovation.  The 
juices  we  fee  are  fufed,  exhaled  and  expelled. 
The  folids  are  broke  and  diflolved  into  the 
leafl  fcales  and  flamina,  which,  being  taken 
up  by  the  mouths  of  the  inhaling  veflels,  and 
tranfmitted  through  the  larger  into  the  mafs 
of  blood,  afford  that  earthy  matter  obfervable 
in  the  urine  and  in  the  fubffance  of  calculi, 
and  preternatural  oflifications  formed  in  divers 
parts.  This  confumption  is  largeft  in  youth, 
where  all  the  parts  are  fofter,  and  the  impulle 
greater,  the  Watry  and  gelatinous  principles 
more  abundant  than  the  earthy.  This  wafte 
grows  lefs  with  age,  but  ’tis  always  confi- 
derable. 

§.  236.  There  was,  therefore,  a neceflity 
in  nature  to  provide  for  this  confumption  of 
parts.  In  what  manner  the  fluid  parts  are  re- 
paired will  be  eafilv  demonfirable,  if  you  con- 
sider from  what  we  fhall  fay  on  the  digeftive 
powers,  that  they  fend  a chyle  like  milk  from 
the  aliments  into  the  blood,  replete  with  a thin 
butyraceous  oil,  and  a liquid  vegetable  or  ani- 
mal ielly.  So  the  globular  juices  arife  out  of 
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the  oily  or  fat  particles,  naturally  of  a globular 
figure  and  of  a loofer  lighter  texture  than  wa- 
ter, by  the  condenfing  powers,  viz.  the  contract- 
ion or  preflure  of  the  arteries,  and  the  intrinfic 
attractive  force  that  prevails  in  the  leaft:  vefiels, 
where  the  globules  are  divided  by  very  little 
water  j and  laftly,  by  the  figurative  power  in  the 
lights  or  feCtions  of  the  leaft  vefiels,  whereby 
they  become  denfe  globules  of  a certain  diameter. 

• 

REMARK. 

Fat  or  oil,  both  animal  and  vegetable,  by  triture 
with  water,  turns  into  jelly,  and  that  again,  by 
fpontaneous  reft  and  feceflion  of  parts,  turns  into 
oil ; fo  that  refins,  by  triture  with  alcaline  falts  and 
water,  return  to  gums,  and  gums,  by  digeftion, 
in  plants  with  age,  turn  into  refins.  In  like  man- 
ner are  animal  fat  or  oil  and  jelly  commutable  one 
into  the  other.  Though  we  canot  think  the  fat, 
under  its  intrinfic  oily  character,  can  make  an  or- 
ganic part,  either  folid  or  fluid,  even  the  molt 
Ample,  as  fibres  and  elaftic  globules,  until  it  has 
acquired  the  elaftic  ropy  property  of  lymphatic 
glue,  by  repeated  mixture,  triture,  &c.  So  fat 
or  oil  muft  aflume  the  nature  of  elaftic  glue  before 
it  can  form  organic  globules,  however  loofe,  light 
or  minute.  Such  light  loofe  globules  are  abun- 
dantly fupplied,  and  are  ready  formed  with  a nutri- 
tious jelly  in  moft  vegetable  fubftances,  efpecially 
fermented,  as  all  pulfe,  bread,  beer,  wine,  foops, 
&c.  which  globular  matter,  we  know  by  the  mi- 
crofcope,  not  only  abounds  in  the  nourithment 
itfelf,  but  in  the  chyle  formed  thence  ; fo  the  glo- 
bular juices  of  fifh,  flefh,  milk,  wine,  beer,  &c. 
lefs  than  red  blood  globules,  may  enter  with  the 
chyle,  by  the  inhaling  or  abforbing  vefiels  in  the  in- 
teftines,  and  by  the  abovefaid  forces  be  compacted 
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into  red,  ferous,  and  other  globules.  So  likewife, 
as  our  author  juftly  obferves,  fat  or  oil,  being  qua- 
lified or  granulated,  as  it  were,  by  the  adtion  of  bile 
and  ocher  iaponaceous  juices,  may,  like  the  refin  of 
plants,  be  reduced  and  ground  into  gelatinous  ela- 
itic  globules,  flill  retaining  fo  much  of  their  oily 
nature  as  to  be  inflammable.  Thus  the  fat,  in  con- 
fumptive  people,  turns  again  into  blood  and  nou- 
rifhment  j and  the  redundant  blood  or  nourifhment 
from  a ceafing  of  the  menfes  at  50,  or  after  other 
great  excretions  flopped,  turn  into  fat,  or  elfe  give 
birth  to  diftempers. 

§.  277.  That  red  globules  may  be  formed 
out  of  fat  appears  from  their  inflammable  na- 
ture, §.  16;.  and  that  they  may  be  formed  of 
the  condenfed  globules  in  the  chyle  is  evident 
from  the  ufe  of  milk,  as  the  befl:  and  moft 
immediate  matter  for  making  blood  in  the  foetus 
and  children,  confirmed  by  the  experiments 
of  Lewenhoeck,  who  obferved  the  globules  of 
chyle  to  be  larger  and  loofer  or  lighter  than 
thofe  of  blood : and  experience  demonftrates 
the  fame,  by  which  we  know  the  chyle  fwims 
and  circulates  in  the  blood  very  diftindt,  both  as  to 
form  and  colour,  for  feme  ( 10  or  1 2)  hours  af- 
ter a meal ; but  after  a longer  time,  it  difappears, 
and  is  found  of  a nature  uniform  to  the  blood 
itfelf ; whence  there  is  evidently  a necefiity  for 
the  chyle  to  change  into  the  other  animal  hu- 
mours. 

§.  238.  To  form  a coagulable  lymph  from 
blood  then  can  be  no  great  difficulty.  For  this 
we  already  have,  long  before,  perfedt  in  the 
flefh  of  animals,  as  in  mutton  5 fo  that  for  this 
there  is  no  other  adlion  required  from  our  bo- 
dies; 
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dies,  but  to  extrad:  the  ready  formed  lymph 
from  the  folid  fibres  and  vefieis,  and  tranfinit 
it  thence  to  mix  with  our  biood.  And  hence 
it  is,  that  animal  food  affords  the  thonged  and 
mob  durable  nourifhment,  and  the  mod  imme- 
diate recruit  to  the  feveral  adions  or  forces.  In 
vegetables,  indeed,  there  is  inherent  a lefs 
quantity  of  the  like,  vifcid,  gelatinous  nou- 
rishment; and  therefore  they  nourifn  lefs.  Yet, 
that  vegetables  already  abound  with  fuch  a 
glutinous  jelly,  as  may  merely,  by  the  animal 
powers,  be  changed  into  coagukble  lymph,  is 
evident  in  herbivorous  game  and  cattle,  mod 
of  which,  feeding  only  on  plants,  make  thence 
the  bed  glutinous  lymph  : and  lably.  from  the 
vifcid  nature  • of  farinaceous  vegetables  them- 
felves,  being  mixed  with  water,  and  from  the 
nature  of  mod  juices  obtained  from  plants. 

§.  239.  But  that  the  other  humours  of  the 
human  body  are  generated  of  lymph,  wre  are 
perfuaded  from  the  example  of  the  young  of 
incubated  eggs,  which  are  altogether  com- 
pleatly  formed,  both  folid  and  fluid  parts,  out 
of  the  albumen  compaded  ; which  is  again 
confirmed  and  illudratcd  by  the  change  of  the 
lymph  into  an  evaporabie  water,  by  a heat  of 
96  or  100  degrees,  which  watry  lymph  is  then 
fubalcaline  ; fuch  as  is  the  perfpirable  matter 
pf  all  kinds. 

§.  240.  Nor  is  it  very  difficult  to  explain  in 
what  manner  the  wading  folid  parts  are  re- 
paired. For  the  lymph  is  vifcid,  and  readily 
adheres  or  concretes  into  a folid,  as  we  fee.  for 
ipftance,  in  the  formation  of  polypuffes  ; and, 
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by  repeated  concuflions,  (as  with  a whifk,  &c.) 
the  feroas  gluten, . by  removing  the  watry  part, 
is  readily  drove  together  into  a mafs,  §.  157. 
Therefore  the.foveolae  or  little  vacuities  in  the 
veffels  or  fibres,  made  by  an  abrafion  or  de- 
molition of  the  earthy  glutinous  elements,  are 
filled  up  by  the  lymph  itfelf,  compacted  by  the 
impulfe  of  the  blood,  into  which  vacuities, 
being  once  received,  it  coheres  partly  by  a 
broad  furface  to  the  other  folids,  and  is  in  part 
figured,  compacted  and  agglutinated  by  the 
impulfe  of  the  arterial  juices  driving  againft 
the  circumference.  [A  great  portion  of  this 
additional  matter  feems  to  be  air  abforbed  and 
conveyed  hither  by  the  circulating  fluids,  and 
fixed  into  a folid  with  a greater  proportion  of 
earth,  glue  and  water ; fince  no  diffolution 
enfues,  unlefs  the  incorporated  air  be  extri- 
cated, and  fet  at  liberty  in  elaftic  fpherules.] 

§.  24.1.  As  for  the  decreafe  or  wafte  that  is 
fuffered  in  the  extremities  of  the  free  pervious 
veffels  and  fibres,  that  feems  to  be  reftored  by 
mere  protufion,  while  the  place  of  the  de- 
creafed  extremity  is  filled  up  by  a production 
or  elongation  of  the  next  continuous  fibre.  Thus 
intervals  or  vacuities  are  produced  betwixt  the 
protraCted  fibres,  which  are  filled  by  new  lym- 
phatic glue. 

§.  242.  The  wafted  matter  of  the  cellular 
fubftance  is  reftored  by  the  lymphatic  dew  it- 
felf, which  tranfudes  through  it  (§.20.);  for 
this  being  poured  out  wherever  there  is  any 
wafte  or  vacuities  made  in  the  fibres  and  plates 
of  the  faid  fubftance,  being  coagulable,  it  is,  by 
i the 
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the  feceflion  of  its  watry  parts,' 'joined  with 
the  preffure  of  the  adjacent  mufcles  and  im- 
pulfions  of  the  arteries,  compacted  together 
and  changed  into  cellular  fubftance.  This  is 
made  clear  from  the  change  of  vegetable  juices 
firft  into  a pulp,  and  then  into  a true  cellular- 
fabric  j and  from  the  morbid  connecting  fila- 
ments, which  arife  in  the  thorax  or  pleura- 
from  the  lymphatic  tranfuding  vapours,  &c. 
[A  fuppuration,  and  the  converfion  of  ve- 
getable juices  firft  into  a pulp,  and  then  into  a 
cellular  fubftance  prove  the  fame.] 

§.  243.  In  what  manner  the  mufcular  and 
tendinous  fibres  are  nourifhed,  may  be  then 
more  rightly  explained,  when  we  (hall  have 
a more  perfeCt  knowledge  of  their  fabric.  Yet 
it  appears  from  a comparifon  of  the  foft  pulpy 
mufcles  in  a foetus,  almoft  in  every  point  fl-efhy, 
with  the  tendinous  and  but  little  flefhy  mufcles 
of  an  adult  perlon,  and  from  the  great  abun- 
dance of  the  minute  veffels  playing  round  all  the 
mufcular  fibres ; I fay,  from  thence  a mufcular 
fibre  feems  to  be  nourifhedby  a lymphatic  dew, 
poured  out  into  the  cellular  fabric  that  fur- 
rounds  the  fibre,  with  which  it  joins  into  co- 
hefion  by  the  mufcular  and  arterial  preffure. 

§.  244.  As  the  fabric  of  the  bones  is  better 
known  to  us,  fo  the  rationale  of  their  nutri- 
tion is  more  eafy  than  the  foft  parts.  They 
are  compofed  at  firft  of  membranous  fibres, 
which  by  degrees  harden,  while  an  oflifying 
glue  is  thrown  into  the  fpaces  betwixt  the  fibres. 
This  oflific  juice  is  demonftrated  from  its  fill- 
ing the  fifiures  that  run  betwixt  the  bony  plates 
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in  a foetus,  which  in  the  adult  become  exorbi- 
tant knots  of  bone  j from  the  inorganic  ftony 
cruft,  that  is  often  formed  round  the  bones  ; 
and  from  the  frequent  anchylofes,  that  are 
formed  by  the  tranfuding  of  a confufed  bony 
matter  coagulated  betwixt  any  two  bones : we 
have  inftances  even  where  the  whole  hollow 
tubes  of  the  larger  bones  have  been  filled  by  a 
redundancy  of  this  ofiific  juice.  But  that  the 
faid  juice  is  a true  animal  glue,  of  the  fame  na- 
ture with  the  coagulable  lymyh,  appears  from 
the  jellies  that  are  drawn  out  by  fire  from 
bones,  horns,  ivory,  &c.  fo  thic  or  vifcid  that 
they  will  make  more  than  five  times  their  bulk  of 
water  confident,  while  the  remains  of  the  bone, 
from  whence  the  jelly  was  drawn,  are  left  very 
brittle  or  friable : but  the  fame  glue  or  jelly 
of  the  bones  is  alfo  refolved  by  putrefaction, 
and  then,  like  the  lymph,  it  becomes  wholly 
volatile,  as  we  know  from  undoubted  experi- 
ments. Laftly,  that  a fluid  vifcid  juice  may 
change  into  a dry  friable  nature,  is  evident  from 
parallel  examples  in  egg-fhells,  fnails,  and  other 
teftaceous  animals ; and  finally,  from  the  recent 
bones  themfelves  tranfuding,  bloody  and  vifcid 
drops,  fo©n  changing  into  a hard  bony  nature, 
and  from  the  folidity  of  a burnt  bone  reftored 
by  dipping  in  jelly 

REMARK. 

Add  to  this,  that  among  the  nutritious  elements 
of  the  bones,  and  other  folid  parts,  the  fixed,  per- 
manent or  unelaftic  air  (§.  ?.)  bears  a very  confi- 
derable  proportion  •,  for  thus  it  abounds  not  only 
in  the  blood,  but  in  the  oflific  and  earthy  juices  it 
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is  even  a fort  of  connecting  magnet  or  glue,  ferv-? 
ing  to  combine  and  unite  the  earthy  particles  one 
with  another,  as  appears  from  experiments  on  ani- 
mal calculi,  foffil  ftones,  and  other  hard  bodies  : 
all  which  have  the  cohefion  of  their  parts  broke, 
and  become  friable  fo  foon  as  the  faid  air  is  expelled 
from  them  ; although  the  manner,  in  which  this  is 
effected,  be  difficult  to  defcrihe. 


§.  245.  Thus  it  appears  in  what  manner 
the  body  is  preferved  in  the  (late  wherein  we 
find  it  in  a healthy  perfon,  and  how  thofe 
Ioffes  are  repaired,  which  are  perpetually  made 
by  the  adtions  of  life  itfelf.  But  the  ftandard 
of  nutrition  varies  in  perfons  of  different  ages ; 
for  during  infancy  more  is  added  to  the  body 
than  is  thrown  off  from  it ; but  in  old  age  the 
confumption  or  wafte  is  greater  than  the  addi- 
tion. The  former  of  thefe  is  called  the  growth 
or  increafe  of  the  body ; and  the  latter  its 
Shrinking,  withering  or  decreafe. 

§.  246.  The  foetus  in  its  firft  rudiments  was 
no  more  than  a little  limpid  drop  of  a fluid 
confidence,  as  we  fhail  hereafter  make  appear ; 
and  even  after  it  has  had  a month’s  growth, 
what  are  to  be  future  bones  appear  as  yet  no 
more  than  gelatinous  membranes.  From  fuch 
a fmallnefs  then  as  efcapes  the  keeneft  eye  is 
the  foetus  increafed  with  fo  much  rapidity  by 
receiving  a milky  juice  or  nourifhment,  that 
within  nine  months  it  exceeds  many  millions 
of  times  its  firft  bulk,  weighing  above  a dozen 
pounds.  From  the  time,  therefore,  of  his 
birth,  being  expofed  to  the  atmofphere,  man 
increafes  in  a lefs  proportion,  or  grows  every 
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day  more  flowly,  ’till,  in  the  fpace  of  twenty 
years,  he  fhall  have  acquired  near  twelve  times 
his  native  weight,  with  a threefold  or  fourfold 
increafe  of  length  or  ftature.  It  remains,  that 
we  explain  the  caufes  of  this  increafe  and  the 
quicknefs  of  it,  during  the  firft  months ; and 
why  this  quicknefs  of  the  growth  perpetually 
lelfens. 

§.  247.  The  wonderful  extenfibility  of  the 
foetus  eafily  appears  from  the  vifcid  mucous  na- 
ture of  its  whole  little  body  ; for  while  the 
earthy  principles  are  but  few  in  a foetus,  the 
watry  and  fucculent  are  more  abundant : the 
vefiels  themfelves  are  alfo  infinitely  more  nu- 
merous or  abundant,  as  is  evident  to  -the  eye, 
and  from  inje&ions  of  the  bones  and  mem- 
branes, in  which  an  infinite  number  of  vefiels, 
not  to  be  found  in  the  adult,  are  vifible  enough ; 
many  parts  are  alfo  feen  vafcular  throughout 
in  a foetus,  inftead  of  which,  in  adults,  we 
find  a condenfed  cellular  fubftance,  or  an  ex- 
travafated  inorganic  juice,  as  in  the  cartilages, 
coats  of  the  vefiels,  ildn,  tendons,  bones,  &c. 
But  the  more  numerous  the  vefiels,  the  more 
eafy  is  the  growth  or  increafe  j fince  into  them 
the  juices  are  carried  by  the  nearer  heart,  with 
a greater  and  more  confined  impetus,  But  in 
the  more  grown  animal,  the  juices,  transfufed 
into  the  cellular  fubftance,  are  almoft  ftagnant, 
and  the  extending  powers  are  lefs. 

§.  248.  But  there  is  ftill  another  caufe  ne- 
ceflary  to  be  taken  into  the  account,  namely, 
a greater  proportion  of  force  or  impetus  in  the 
younger  heart,  with  refpedt  to  the  prirnigepial 
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folid  veffels  and  fluid  juices  in  the  human  body. 
This  is  proved  by  the  little  heart  or  point, 
which  immediately  appears  vivid  and  falient, 
when  as  yet  none  of  the  other  vifcera,  nor 
even  any  of  the  future  folid  parts,  make  their 
appearance ; and  hence,  of  courfe,  follows 
that  greater  frequency  of  the  pulfe,  obfervable 
in  younger  animals.  For  how  could  the  ani- 
mal grow,  if  there  was  the  fame  proportion 
of  flrength  betwixt  the  tender  veffels  and  heart 
of  the  foetus,  as  there  is  in  the  more  refilling 
adult  veffels  and  the  heart  of  a grown  perfon  ? 
And  in  this,  if  I am  not  miftaken,  the  greater 
irritability  of  the  younger  heart  has  a confider- 
able  fhare,  by  which  the  venal  blood  operates 
with  a greater  force  on  the  heart  of  a foetus, 
than  on  that  of  an  adult  (§.  1 1 3.)  For  we 
fee  all  the  fenfible  organs  in  adults  grow 
callous  or  lefs  moveable,  while  in  the  foetus 
they  are  exquifitely  tender  and  fenfible  : as  for 
example,  in  the  eyes,  ears,  fkin  and  brain  it- 
felf.  And  is  not  the  fame  greater  irritability 
alfo  explainable  from  the  greater  magnitude  of 
the  head  or  encephalon  ; whence  the  nerves 
bear  a greater  proportion  to  all  the  other  parts 
in  younger  animals  ? 

§.  249.  The  heart,  therefore,  ffrongly  ex- 
erting its  force  againft  the  mucous  veffels,  eafily 
extends  them,  together  wirh  the  cellular  fub- 
fiance  that  furrounds  them,  and  likewife  all 
the  mufcular  fibres,  at  the  fame  time,  fpread 
with  variety  of  veffels.  But  all  thefe  eaiily 
yield  to  the  prevailing  force  of  the  heart,  be- 
caufe  as  yet  they  contain  only  a little  of  the 
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rigid  earth,  but  a great  deal  of  the  connecting 
yielding  glue.  [From. hence  come  the  more 
frequent  hsemorrhages  of  young  folks,  who 
have  a greater  force  of  the  heart  and  veflels 
not  yet  rigid.]  But  the  bones  are  generated 
in  fuch  a manner,  that,  at  firft,  a thick  glu- 
tinous juice,  being  poured  betwixt  two  parallel 
veflels,  and  there  compacted  together,  forms 
a membranous  fibre,  which,  by  repeated  pul- 
fation  of  the  veflels,  becomes  bony.  But  the 
bones  increafe,  when  thele  fibres  are  once 
formed,  while  the  continuous  lateral  veflels, 
being  extended  lengthways  by  the  heart, 
draw  with  them  and  elongate  the  faid  cohering 
bony  fibres ; by  this  means  the  cartilage,  which 
every  way  terminates  the  bones,  together  with 
the  cellular  fabric  (here  compact  and  elaftic) 
are  repelled  by  the  faid  fibres,  which  increafe 
longitudinally  betwixt  each  elaflic  epiphyfis,  fo 
as  to  flhorten  and  condenfe  the  faid  epiphyfes. 
'Thus  the  length  of  the  parts  of  the  body  is 
increafed ; but,  at  the  fame  time,  intervals  are 
left  betwixt  the  elongated  fibres  of  the  bones, 
which,  by  this  means,  become  cellular,  as  they 
grow  jnore  earthy.  Thefe  intervals  (by  §.  20. 
and  244.)  are  filled  with  juices,  which,  in 
younger  animals,  are  more  vifcid  and  gluti- 
nous than  in  adults ; by  this  means  the  bony 
fibres  and  plates  adhere  one  to  another,  from 
the  glutinous  matter  fixing,  like  pegs,  into 
their  relpedtive  intervals  or  foveolae. 

§ 250.  That  the  younger  bones  are  of  a 
more  vifcid  gluev  nature  than  thole  of  adults 
and  old  people,  is  evident  from  the  greater 
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degree  of  flexibility  that  remains  in  them,  from 
their  eafier  confolidating  when  broke,  from  the 
greater  quantity  of  glutinous  krum,  and  more 
abundance  of  jelly  obtained  from  the  joints  or 
extremities  of  younger  animals,  and  the  great 
proportion  of  the  cartilages  to  the  bones  them- 
felves. 

§.  251.  But  the  animal  grows  or  increafes 
flower,  as  it  becomes  more  adult.  This  is 
proved  from  the  rigidity  of  the  parts  them- 
felves,  which  were  flexile  in  the  foetus  y and 
from  many  parts  of  the  adult  fkeleton  being 
now  rigid  bone,  which  were  before  mere  car- 
tilage. For  as  the  animal  grows  up,  a multi- 
tude of  veflels  are  effaced  or  elofed  up  into 
fibres,  beat  together  by  the  internal  pulfation 
of  the  larger  artery  that  lies  betwixt  them,  or 
upon  whofe  coats  they  are  fpread ; and  the 
lights  of  thefe  being  occupied  by  folid  mat- 
ter, they  become  in  a great  proportion  flrong- 
er  ; namely,  by  the  bony  juice  poured  into  the 
clefts  betwixt  the  bony  fibres,  or  by  conden- 
fing  of  the  cellular  fubftance  in  ail  the  mem- 
branes in  the  coats  of  the  veflels,  &c.  But 
every  where  in  ail  parts  of  the  body  a great 
portion  of  the  more  watry  part  of  the  juices 
being  exhaled,  the  cellular  filaments  approach- 
ing nearer,  attradl  each  other  more  powerfully, 
cohere  more  flrongly,  and  refill  extenfion  with 
a greater  force.  At  the  fame  time  the  glue 
itfelf,  which  every  where  adheres  to  the  bones 
and  folid  parts,  becomes  drier  from  an  expulfion 
of  the  watry  principle,  by  the  fo  often  repeated 
preflures  of  the  arteries  and  mufcles.  Hence 
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the  proportion  of  earth  in  the  animal  every 
day  increafes. 

252.  Thus  will  all  parts  continue  to  aug- 
ment in  bulk  and  denfity,  ’till  they  arrive  at  a 
terminu's  or  balance,  beyond  which  the  heart 
will  be  no  longer  able  to  make  an  extenfion  of 
the  folids.  This  terminus  then  is  prefent  or 
compleat  when  the  cartilages  belonging  to  the 
epiphy'fes  or  heads  of  the  bones,  are,  by  de- 
grees, fo  extenuated,  that  they  can  become  no 
thinner,  but  like  a pellicle,  no  lefs  firm  than 
thin,  make  a permanent  refiftance  both  to  the 
heart  and  to  themfelves.  At  the  fame  time, 
and  from  the  fame  caufes,  all  the  cellular  fa- 
bric or  expanfions  (except  in  a few  places)  are 
throughout  the  whole  body  compared  or 
hardened,  and  all  the  membranes  of  the  arte- 
ries, the  mufcular  fibres  and  the  nerves  them- 
felves acquire  from  the  faid  caufes  (§.  251.) 
fuch  a degree  of  firmnefs,  that  they  can  be  no 
longer  extended  by  the  force  of  the  heart. 

§.253.  The  cellular  web-like  fubflance,  how- 
ever, whofe  plates  are  naturally  loofe,  lodged 
in  feveral  cavities  of  the  body,  ftill  gives  way 
to  the  impulfe  of  the  fat  and  fometimes  to  that 
of  the  blood,  whereby  it  f wells  or  enlarges  in 
. feveral  parts,  fo  as  to  caufe  an  increafe  of  the 
body,  not  in  length  or  flature,  but  in  bulk  or 
thicknefs.  But  this  fatnefs  of  the  body,  after 
its  full  growth,  feems  to  follow  hence,  that 
lefs  nutritious  matter  being  depofited  from  the 
blood,  becaufe  the  growth  now  ceafes,  there  is 
a redundancy  of  it  towards  the  other  fecre- 
tions ; and  becaufe  the  refinance  to  the  paflage 
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of  the  humours  through  the  lead:  vefTels  is  now 
increafed  from  their  greater  denfity  or  induration; 
therefore  the  fluggifh  juices  (inch  as  make  fat) 
more  eafily  recede  laterally  from  the  lead;  arteries 
into  the  cellular  diverticula.  But  again  the  flug- 
gifhfecretions  mult,  at  this  time  be 'increafed, 
becaufe  the  relative  or  comparative  force  of  the 
heart,  as  ’tis  properly  called,  is  now  diminifh- 
ed.  For  the  rigidity  of  the  parts  increales  the 
reliftances,  while  the  force  of  the  heart  itfelf 
does  not  appear  to  have  gained  by  the  faid  rigi- 
dity ; becaufe  we  know  it  is  a mufcle  to  the 
ftrength  of  which  conduce  flexility,  a plenty 
of  nervous  juice  in  proportion  to  its  folid  fibres, 
and  a confiderable  portion  or  influx  of  the  red 
blood  itfelf ; as  we  fhall  explain  more  at  large, 
when  we  come  to  fpeak  of  a mufcle.  But  all 
the  forefaid  additions  to  the  body  are  fo  far 
from  being  increafed  from  old  age,  that,  on 
the  contrary,  they  diminiih  in  it. 

§.  254.  But,  moreover,  the  whole  body, 
which  is  fuppofed  to  remain  in  a permanent 
ftate,  is  really  in  a perpetual  flux,  and  never 
at  red;.  The  change,  which  is  made  at  the 
expence  of  vafcular  property,  never  ceafes ; 
for  perpetually  fome  vefTels  go  on  to  be  effaced 
or  clofed  up  into  folid  filaments,  according  as 
the  preflures  from  weight,  the  force  of  the  muf- 
cles,  or  of  the  heart,  continue  to  adt  more  upon 
certain  parts.  Hence  we  obferve,  that  thofe 
parts  of  the  body  firfl  grow  rigid,  which  are 
oftener  ufed  or  laboured  in  every  artifb.  All  the 
cellular  plates  likewife  are  continually  condenfed 
or  hardened,  while  the  glue  and  nourifhment  it- 
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felf  become  more  dry  and  earthy.  From  hence 
proceeds  that  rigidity  of  the  joints  and  bones 
fo  commonly  obfervable  in  old  people,  the  fre- 
quent change  of  their  cartilages  into  a bony  na- 
ture, with  a bardnefs  of  all  their  foft  parts, 
from  a deficiency  of  the  flexile  glue,  remark- 
able even  in  the  cellular  fubflance  of  the  brain, 
heart  and  arteries,  with  a greater  fpecific  gra- 
vity of  their  whole  body,  all  its  particular  parts, 
even  the  cryflalline  lens  itfelf  not  excepted. 

§.  255.  Laftly,  the  glutinous,  attractive  and 
nourifhing  property  of  the  juices  themfelves, 
which  belong  to  the  human  body,  is  diminifh- 
ed  by  the  frequent  ufe  and  introduction  of  fa- 
line  foods,  inflammable  or  fpirituous  drinks, 
with  errors  and  excefles  in  diet  of  all  kinds ; 
whence  the  blood  and  lymph,  at  length,  de- 
generate into  a friable,  acrid  and  little  gela- 
tinous difpofition.  This  is  proved  from  the 
flow  confolidation  of  wounds  and  fraCtures  in 
old  people,  from  the  remarkable  faetor  of  their 
breath  and  urine,  from  the  increafe  of  faline 
and  diminution  of  watry  parts,  obfervable  in 
their  blood,  and  from  the  opacity  or  difcoloura- 
tion  of  fuch  juices,  as  were  formerly  colour- 
lefs  or  pellucifl. 

§.  256.  In  the  decline  of  life,  therefore,  the 
intervertebral  ligaments,  by  degrees,  grow  dry, 
hard  and  ofiified  j whence  the  fpine  lofes  its 
reClitude  by  a contraction  of  the  vertebrae  to- 
wards each  other  forward,  by  which  the 
height  or  flature  of  the  body  is  lefiened  : the 
tendons,  having  lofl:  a great  part  of  their  flexile 
glue,  become  very  Alining,  hard  and  cartilagi- 
nous ; 


2 1 1 


Of  Nutrition. 

nous ; and  even  the  mufcular  fibres  themfelves 
by  repeatedly  preffing  out  the  blood  and  juices 
from  their  intermediate  vefiels,  change  into  a 
dry,  tendinous,  white  nature : all  the  vefiels, 
and  more  efpecially  the  arteries,  indurate  by 
driving  out  their  watry  juices,  and  frequently 
put  on  almoft  a bony  confiftence,  while  the 
plates  of  the  loofe  cellular  fubftance  are  con- 
tracted into  a kind  of  hard  membranes.  Thus 
the  excretory  vefiels,  being  in  all  parts  com- 
prefied,  and  the  exhaling  duCts  or  pores  clofed 
or  beat  together,  an  univerfal  drynefs  enfues, 
while  the  neceffary  depurations  of  the  blood 
are  diminifhed.  From  hence  the  rigidity  of 
old  people  is  increafed,  and  their  blood  afiumes 
a more  dry  earthy  texture,  fo  as  to  depofite 
a true  earthy  matter,  infiead  of  a moifi:  vapour, 
throughout  the  cellular  fabric,  in  all  parts  of 
the  body.  The  truth  of  this  appears  from  the 
numerous  inftances  of  indurations,  and  bony 
incruftations  by  an  effufion  of  this  matter  into 
the  fabric  of  the  arteries,  membranes,  upon 
the  furfaces  of  moft  of  the  bones,  efpecially 
the  vertebrae,  and  as  we  fornetim.es  perceive  in 
the  very  fofteft  parts  throughout  the  whole 
body. 

§.  257.  In  this  manner  is  the  way  opened  to 
a natural  death,  which  comes  on  fo  foon  as  the 
heart,  now  callous  and  feeble,  or  nothing  in- 
creafed  in  ftrength,  finks  under  the  load  of  all 
the  increafing  refiftances.  The  lungs,  now 
lefs  pliable,  oppofe  too  great  a refiftance  to  the 
right  ventricle  of  the  heart  on  one  fide,  as  on 
the  other  fide,  does  the  whole  fyftem  of  the 
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capillary  arteries,  which,  indeed,  in  all  ffages 
of  life,  oppofe  many  confiderable  refinances 
to  the  heart  (§.  160.)  Thus  the  blood,  gra- 
dually lofing  of  its  motion,  at  length  hops, 
and  is  more  efpecially  collected  on  the  right 
fide  of  the  heart,  while  the  way  through  the 
lungs  is  (hut  up  ; ’till  at  length  the  pump-like 
engine,  we  call  the  heart,  after  a few  ftrug- 
gles  or  palpitations,  becomes  itfelf  quiefcent 
finder  the  load  of  ftagnant  blood,  which  now 
begins  to  thicken  or  turn  grumous. 

§.  258.  The  limits  of  this  natural  diffolu- 
tion,  nature  herfelf  has  fixed  or  appointed  to 
all  forts  of  animals ; although  her  proportions 
therein  are  not  yet  futficiently  known  to  us. 
Man,  being  an  animal  remarkable  for  his  lon- 
gaevity,  eafily  fpins  out  a natural  life  to  twice 
the  length  of  that  we  obferve  in  an  ox  or  an 
horfe;  fince  frequently  he  attains  the  age  of 
an  hundred  years,  and  fometimes  that  of  an 
hundred  and  fifty.  The  feathered  tribe,  we 
know  from  certain  experience,  are  naturally 
very  long  livers ; and  thefe  are  again  exceeded 
by  fifh,  which,  being  furnifbed  with  carti- 
lages inilead  of  bones,  grow  perpetually. 

§.  259.  Thus  death  appears  to  be  abiblutely 

necefiarv  and  unavoidable  from  thofe  laws  of 
* 

nature,  with  which  we  are  at  prefent  ac- 
quainted j only  the  bounds  of  it  may  be  chang- 
ed by  a difference  in  the  proportion  of  the  heart 
to  the  other  folids,  by  a variation  in  the  powers 
digefting  the  aliments,  with  the  particular  con- 
fiitution  or  nature  of  the  blood,  and  the  heat 
of  the  external  air.  For  the  larger  veffels 
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will  inevitably  comprefs  the  fmaller,  the  glue 
will  of  courfe  grow  more  denfe  and  hard,  as 
its  watry  parts  exhale,  and  from  the  fame  ex- 
halation, nothing  can  hinder  the  cellular  threads 
and  plates  from  running  into  more  powerful, 
attractions  and  cohelions.  Yet  this  rigefcence 
of  the  folids  may  be,  in  fome  meafure,  re- 
tarded, and  the  dry  acrid  temperature  of  the 
blood  and  juices  may  be  leffened  by  a moderate 
courfe  of  life  ; not  exercifmg  our  machine  too 
much,  either  by  motions  of  body  or  paffions 
of  mind,  by  living  upon  vegetable  food  and 
drink,  and  fhunning  exceffes  of  all  kinds,  even 
of  cold  itfelf. 

§.  260.  But  it  may  be  queftioned,  whether 
we  are  to  believe,  that  new  yeffels  and  new 
parts  may  be  generated  in  the  human  body, 
or  be  again  reftored  ? whether  the  regeneration 
of  parts,  cut  off  from  the  polype,  fea-nettles, 
moft  of  the  worm  tribe,  fnails,  and  the  reno- 
vation of  the  ftomach  each  year  in  crabs,  and 
the  tails  of  lizards,  &c.  may  be  efleemed 
fufficient  argument  for  fuch  a belief?  to  which 
add  the  reproduction  of  true  bones  in  the  place 
of  thofe  loft  ? whether  we  are  to  refer  hither 
the  natural  reparation  of  the  hairs,  nails,  fea- 
thers, &c.  which  are  bv  no  means  inorganic  ? 
to  which  add  the  new  defh  generated  in  wounds, 
renovation  of  the  fkin,  reproduction  of  the 
fcrotum,  the  callus  of  bones,  &c  ? the 
queftion,  indeed,  appears  difficult.  It  feems 
then  a common  privilege,  that  infeCts.  and  par- 
ticularly thofe  fpecified,  enjoy  a very  flow  mo- 
tion of  their  vifcid,  glutinous  juices,  in  a very 
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fimple  fabric;  whence  the  faid  jukes  do  not 
run  out  as  in  us,  but,  by  attraction,  gather  and 
cohere  with  the  reft  of  the  body.  In  man, 
the  membranes  we  fee  formed  in  hydatids, 
the  flefh  in  wounds,  and  the  callus  which  fills 
up  broken  bones,  and  even  occupies  the  place 
of  whole  bones  that  have  been  loft,  are  pro- 
duced from  the  glutinous  juices,  compacted  by 
the  pulfation  of  the  adjacent  arteries,  and  are 
a continuation  from  the  divided  veffels,  or  a 
production  of  the  extremities  of  the  perioftium 
within  the  wound.  But  we  fee,  from  the  re- 
union and  growth  of  parts  cut  oft  and  fewed 
on  again,  as  in  the  nofe  and  lips,  or  only  re- 
placed, as  in  the  teeth,  that  there  is  a natural 
neceffity  for  divided  veffels  to  unite  and  clofe 
with  oppofite  veffels  divided.  But  for  any  of 
the  more  complex,  large  and  organical  mem- 
bers to  be  reproduced,  is  a thing  unheard  of ; 
nor  can  it  be  admitted  in  the  human  body, 
which  has  fo  great  a force  of  -the  heart,  fuch 
a putrefcent  difpofition  in  the  ftagnant  juices, 
and  fuch  a complexity  of  fabricature  in  all  its 
parts,  very  different  from  the  fimplicity  nature 
obferves  in  the  formentioned  infeCts. 

REMARK. 

However  unknown  to  us  may  be  the  intrinfic 
fabric,  number  and  affeCtions  of  the  particles, 
pores  and  interfaces  in  the  leaft  fibres,  membranes 
and  veffels,  ’tis  certain,  that  in  the  human  body, 
as  well  as  in  vegetable  and  foffde,  mixed  and  text 
bodies,  they  have  a power  of  affinity,  by  which 
they  felect  certain  particles  from  the  common  incre- 
mentive  fluid,  and  then  combine,  apply  and  change 
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them,  fo  as  to  become  part  of  themfelves ; and 
this  in  a molt  regular  geometrical  fabricature,  ac- 
cording to  the  laws  of  affinity  and  mutual  attrac- 
tion or  appulle  given  to  the  parts  of  matter  by  its 
creator.  How  regular  and  conftant,  in  their  figure 
and  combination  of  parts,  are  the  cryftalizing 
fairs,  the  mixed  and  text  toffils,  Hones  and  ffiells, 
from  this  principle  merely.  This  power,  though 
it  be  not  abfent  in  vegetables,  is  yet  governed  by, 
and  dependent  on  the  force  of  an  organic  or  tubu- 
lar attraction  and  temporary  impulfions  from  the 
air,  heat,  &c.  So  likewife  in  animals,  the  tubular 
and  corpufcular  forces  are  modulated  by  centrifugal 
impulfion  through  diftlaCtile  canals ; joined  with 
external  refiftances  from  confining,  but  extenfible 
integuments.  Each  of  thefe  powers  have  their 
limits  and  proportions  refpeCtively  one  to  another 
towards  a natural,  healthy  organization  and  fabri- 
cature ; and  in  the  human  body  are  fubjeCt  to  fo 
many  and  different  termina,  in  the  fcale  of  com- 
bination, from  the  more  fimple  to  the  more  com- 
plex organs,  as  profufe  volumes  and  languages 
arife  from  a few  letters ; that  it  is  equally  impoffible 
as  unneceffary,  to  fum  them  up  by  all  the  powers 
of  algebra  and  geometry  conjunCtly.  If  particles 
of  falts  and  other  foffils  have  an  intrinfic  power,  by 
which  they  accede,  concrete,  and  build  up  a regular 
texture  ; why  may  not  the  fame  corpufcular  affinity 
join  with  tubular  attraction,  and  hygraulic  vafcu- 
lar  impulfe,  to  build  up  a regular  organization,  or 
even  to  increafe  or  maintain  it  when  fo  built. 
Thefe  powers  in  the  human  body  feem  to  be  en- 
grafted one  upon  the  other:  fo  that  where  vafcular 
impulfion  ends,  there  tubular  attraction  begins ; 
and  where  that  ends,  corpufcular  affinity  takes 
place,  but  in  fuch  a manner,  that  they  always 
operate  conjunCtly  to  the  fame  end,  though  they 
may  have  different  proportions  in  different  parts  ; 
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fo,  we  may  fay,  the  hairs,  like  rufhes,  vegetate  by 
impulfion,  or  that  the  enamel  of  the  teeth  petrefies 
by  vegetation.  From  all  which  we  conclude,  that 
organization,  as  well  as  nutrition,  are  ultimately 
finifficd  by  that  corpufcular  affinity,  which  is  more 
remarkably  confpicuous  in  th<j  accretion  of  mixed 
and  text  bodies,  joined,  however,  with  tubular 
attraction  and  vafcular  impulfion  from  the  heart. 

♦ 

§.  26  r.  We  have  hitherto  confidered  what 
belongs  in  common  to  ail  the  . eflels  of  the 
human  body  in  general ; it,  the~efore,  now 
remains  for  us  to  go  on  to  thofe  offices  which 
belong  to  each  artery  in  particular.  Accord- 
ingly we  cbufe  to  fpeak  firft  of  the  pulmonary 
artery,  as  well  becaufe  it  firft  goes  out  of  the 
heart  from  its  right  ventricle,  as  becaufe  the 
aorta  itfelf  receives  nothing  but  what  firft  comes 
to  it  through  that  artery  (§  107.)  : but  then  to 
underftand  the  ufes  of  the  pulmonary  artery, 
requires  a previous  defcription  of  the  lungs,  as 
the  organs  of  refpiration,  to  which,  therefore, 
we  proceed. 
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LECTURE  X. 

Of  refpiration. 

§.  262.  r"T~1  H E bags  of  the  pleura  (§.  75, 

76.)  are  exadtly  filled  by  the 
lungs  ; for  fo  we  call  the  two  vifcera,  which  are 
diftinguiihed  into  right  and  left,  in  figure  an- 
fwerable  to  that  of  the  bags  themfelves  which 
they  fill,  having  a broad  bafis  below;  they 
are  terminated  above  at  the  firft  rib,  by  an  ob- 
tufe  point  or  cone.  The  anterior  face  of  them 
is  flat,  their  fides  convex  or  round,  internally 
or  in  their  middle  concave,  forming  a concavity 
fuflicient  to  contain  the  heart.  The  right  lung 
is  larger  than  the  left,  and  more  frequently 
divided,  or  half  cut  through,  into  three  di- 
ftindt  lobes  or  portions ; but  the  left  lung  is  not 
fo  often  divided  into  three.  They  are  freely 
fufpended  by  the  great  blood  veflels,  at  liberty 
on  all  fides,  excepting  where  the  external 
membrane  of  thd  pleura,  departing  from  the 
thorax  to  the  lungs,  and  to  the  diaphragm, 
forms  there  a mediaftinal  ligament.  Betwixt 
the  lungs  and  pleura  is  found  a wafry,  or  ra- 
ther ferous  vapour,  of  a coagulable  nature,  like 
that  of  the  pericardium  (§.  Bo.),  which  vapour 
franfudes  from  the  furface  of  the  lungs,  and 
is  fometimes  increafed  to  a dropfy,  or  elfe  con- 
fibres,  joins  the  lungs  to  the 
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§.  263.  The  external  membrane  of  the 
lungs  is  a Ample,  thin  continuation  of  the 
pleura,  fpread  all  over  them,  from  the  ad- 
hefion  of  the  great  blood  veffels  of  the  heart, 
yet  fo  as  to  be  capable  of  retaining  wind  eafily 
without  breaking,  after  being  feparated  from 
the  lungs.  The  fame  membrane  covers  the 
interface  or  mediaftinum  of  the  lungs,  like  a 
bridge. 

§.  264.  The  ftrucfture  of  the  lungs  is  a 
heap  of  lobes  feparated  from  each  other  by  in- 
termediate intervals,  in  which  is  extended 
a loofe  cellular  fubftance ; the  firft  divifion 
of  them  is  into  two  extreme  lobes,  which  are 
larger,  and  one  middle  one,  which  is  lefs,  yet 
cohering  together,  although  afterwards  they 
are  again  fubdivided  internally  through  a long 
feries  into  leffer  lobules  down  to  the  leaf!:,  ’till 
at  laft  the  fmall  lobules  terminate  in  very  fmall 
cellular  membranes,  which,  in  adults,  are  va- 
rioufly  figured  and  full  of  air,  which  pafles 
freely  on  all  fides  from  one  cell  to  another,  by 
their  open  communications.  Thefe  veficles  of 
the  lungs,  therefore,  do  not  receive  the  air  by 
a fingle  orifice  from  the  wind-pipe,  as  into  an 
an  oval  grape  or  vial,  but  the  air  exhaling  from 
the  lead;  branches  of  the  faid  wind-artery,  is 
admitted  in  fuch  a manner  into  their  irregular 
fpaces,  that  it  freely  fpreads  through  them, 
from  any  one  part  of  the  lungs  into  all  the  reft, 
and  returns  again  in  like  manner.  This  is 
demonftrated  by  inflation,  which  drives  the  air 
even  through  the  leal!  branches  of  the  wind- 
pipe into  the  fmalleft  lobes  5 from  whence  it 
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readily  pafies  into  all  the  reft.  Nor  is  the  cel- 
lular fabric  of  the  intervals  fhut  up  from  the 
veficles  of  the  lungs,  nor  are  the  leffer  lobes 
furrounded  by  any  peculiar  membrane. 

§.  265.  The  air  is  drove  into  thefe  veficles 
through  the  wind-pipe,  which  arifes  from  the 
larynx  (hereafter  to  be  defcribed),  and  from 
that  only  receives  its  air.  The  firft  part  of 
this  wind- pipe  is  Angle,  and  aefcends  along  the 
frnooth  bodies  of  the  vertebrae  of  the  neck, 
partly  flefhy  and  partly  cartilaginous,  having  the 
gula  or  aefophagus  behind,  and  a little  to  the 
left  of  it ; namely,  within  the  cellular  fub- 
ftance  that  furrounds  the  wind-pipe,  follows  a 
canal,  made  up  by  a fucceflion  of  cartilaginous 
and  mufcular  rings : thefe  are  thin  and  elaftic, 
flatter  and  thicker  in  their  foremoft  part,  but 
thinner  in  their  pofterior  extremities,  which 
are  conjoined  together  by  ftrong  tranfverfe 
mufcular  fibres,  which  adhering  firmly  to  each 
extremity  of  the  cartilage,  compleat  the  circle. 
But  the  lowermoft  bronchal  cartilages,  within 
the  fubftance  of  the  lungs,  are  compleat  rings, 
leflening  in  their  fizes, 

§.266.  The  mufcular  or  flefhy  rings,  alter- 
nately placed  with  the  cartilaginous  ones,  are 
made  up  of  red  mufcular  fibres.  Some  of 
thefe  are  tranfverfe,  connecting  the  detached 
ends  of  the  annular  cartilages,  others  defcend 
from  each  upper  to  the  next  -lower  ring.  But 
other  mufcular  fibres  again  defcend  perpendi- 
cularly behind  from  the  cricoide  cartilage,  and 
having  reached  below  the  firft  divifion  of  the 
bronchia,  vanifh  within  the  lungs.  The  tranf- 
verfe 
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verfe  fibres  contrail  or  lefien  the  diameter  of 
the  wind-pipe,  as  the  longitudinal  ones  render 
it  fliorter.  Alfo  within  the  lungs,  betwixt  the 
imperfeit  rings,  is  found  a fort  of  mufcular 
fabric,  but  lefs  uniform. 

§.  267.  In  the  cellular  coat,  which  furrounds 
the  mufcular  one,  but  efpecially  in  the  back 
part  of  it,  along  the  poderior  interval,  that 
is  betwixt  the  cartilages,  are  placed  numberlefs 
fimple -glands,  which  open  by  very  fmall  duits, 
like  pores  into  the  cavity  of  the  wind- pipe  ; by 
which  pores  they  depofite  a watry  and  pellucid 
mucus  into  that  cavity;  which  mucus,  being 
without  the  lead:  acrimony,  not  hardening  into 
a fcaly  fubdance,  is  of  the  greated  ufe  in  de- 
fending thefe  mod  fenfible  membranes  from 
being  injured  by  an  impure  air,  full  of  par- 
ticles, which,  by  their  mechanical  figure  or 
chemical  acrimony,  might  be  very  trouble- 
fome.  Ladly,  the  internal  tube  of  the  wind- 
pipe is  compleated  or  lined  by  a membrane, 
which  is  continuous  with  that  of  the  mouth, 
fmooth,  foft  and  very  irritable. 

§.  268.  The  veflels  of  this  part  of  the  whole 
wind- pipe  in  the  neck,  come  from  thofe  of  the 
lower  thyreoids ; in  the  thorax,  from  other 
fmall  branches  of  the  fubclavian  trunks  or  the 
mammaries,  or  the  bronchials,  properly  fo 
called.  Small  nerves  to  it  are  numerous  from 
the  recurrent  and.intercodal. 

§.  269.  In  the  upper  part  of  the  thorax, 
the  wind-pipe  is  divided  into  two  fimilar  bran- 
ches refembling  the  trunk  itfelf,  and  formed 
like  that  of  imperfedt  cartilages,  alfo  furnidied 

with 
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with  limilar  glandules ; each  of  which  branches 
enters  the  lung  to  which  it  correfponds,  only 
the  right  is  fomething  Shorter  than  the  left. 
Having  entered  the  lungs,  the  cartilaginous 
rings  change  into  fragments,  which  become 
more  and  more  difform  and  teflalated,  or  an- 
gular, intermixed  with  the  membrane  of  the 
pleura,  ’till,  at  length,  the  cartilages  decreas- 
ing, terminate  the  lad  branches  of  the  bron- 
chia into  mere  membranes.  The  glandules 
here  are  like  thofe  before  mentioned  (§.  267.) 
But  there  are  other  conglobate  glandules  of  the 
lymphatic  kind  (§.  183.)  placed  at  the  divilion 
of  the  branches,  and  upon  the  trunk  of  the 
wind-pipe,  and  about  the  lungs  3 but  thefe 
are  not  of  ufe  to  the  wind-pipe. 

§.  270.  The  lall  branches  of  the  wind-pipe 
are  invifible,  which  exhale  the  air  into  the  cel- 
lular fpaces  of  adult  lungs,  and  likewife  re- 
ceive the  watry  vapours  exhaling  from  the  ar- 
teries into  the  faid  fpaces 3 from  whence  they 
are  thrown  out  by  expiration. 

§.  271.  The  blood  veiTels  of  the  bronchia 
are  the  arterice  & vena  bronchiales  3 the  former 
are  almofl  condantly  two,  one  coming  from 
the  upper  intercoftal  of  the  aorta,  which  is 
diftributed  either  to  the  right  only,  or  to  both 
the  lungs  ; the  other,  from  the  trunk  of  the 
aorta  itfelf,  goes  to  the  left  lung.  Sometimes 
there  are  more  than  two  bronchial  arteries  to 
be  feen  3 as  when  there  are  three,  by  the  ad- 
dition of  a Second  from  the  aorta.  E^ut  Some- 
times again  there  is  only  one  artery  in  common. 
The  bronchial  veins  are  moll  commonly  two, 
3 one 
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one  right  from  the  vena  azygos,  the  other  left 
from  a peculiar  branth  of  the  fubclavian  vein. 
Thefe  blood  velfels  travel  together  with  the 
branches  of  the  wind-pipe,  and  defcend  into 
their  membranes  in  fuch  a manner,  that  the 
pulmonary  arteries,  in  their  way,  inofculate 
with  their  contiguous  arteries,  as  the  veins 
likewife  communicate  with  each  other.  There 
are  fome  inflances  where  the  pulmonary  vein 
itfelf  has  given  fmall  branches  to  the  lungs, 
to  the  wind-pipe,  and  particularly  to  the  fur- 
face  of  the  lungs. 

§.  272.  But  there  are  other  larger  velfels  be- 
longing to  the  lungs,  called  the  pulmonary  ar- 
tery (defcribed  §.  100  and  102  ),  and  the  pul- 
monary vein  (§.  104.).  The  trunks  of  thefe 
blood  velfels  likewife  accompany  the  branches 
of  the  wind-pipe  in  their  courfe  through  die 
lungs,  furrounded  with  a good  deal  of  cellular 
fubftance,  which  fubftance,  being  increafed, 
compofes  the  ultimate  fpungy  fabric  of  the 
lungs  themfelves.  Within  this  cellular  fabric, 
and  likewife  upon  the  ultimate  fpaces  or  cells, 
the  air  velfels  and  blood  velfels  are  fubdivided, 
fpread  and  interwove  fomewhat  like  the  melhes 
of  a net  j and  here  the  fmall  arteries  (§.  261.) 
exhale  a plentiful  vapour  into  their  cells,  and 
the  veins  abforb  a watry  vapour  from  the  fame 
cells.  Hence  water  tindlured,  the  whev  of 
milk,  or  a thin  waxen  in’edlion,  being  urged 
into  the  pulmonary  artery,  flows  with  a froth 
into  the  wind-pipe  j or  on  the  contrary,  being 
urged  from  the  wind-pipe  into  the  lungs,  they 
penetrate  into  the  pulmonary  artery.  In  like 
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manner,  injections  pafs  from  the  pulmonary 
vein  into  the  wind-pipe,  or  from  thence  again, 
they  may  be  forced  into  the  veins.  Laftly,  a 
liquor,  injeded  by  the  arteries,  readily  enters 
the  pulmonary  veins,  and  the  reverfe. 

§.  273.  The  lymphatic  veffels,  as  in  other 
parts,  form  a net-work  upon  the  furface  of  the 
lungs,  from  whence  there  are  branches  convey- 
ing the  lymph  to  the  cavity  at  the  back  part  of 
the  mediaftinum,  and  to  the  fmall  glands,  which 
lie  behind  the  aefophagus,  opening,  at  laft,  into 
the  thoracic  ducft.  The  pulmonary  neryes  are 
fmall,  from  a nerve  of  the  eighth  pair,  which 
defcends  and  fubdivides  according  to  the  courfe 
of  the  bronchia.  There  are  all'o  fome  fmall 
nerves  to  the  lungs  from  the  recurrent,  and 
like  wife  from  the  cardiac  plexus,  which  enter 
together  with  the  large  blood  veffels. 

§.274.  The  quantity  of  blood,  which  enters 
into  the  lungs,  is  exceeding  great,  equal  to  (or 
even  perhaps  greater  than)  that  which  is  fent  in 
the  fame  time  throughout  the  reft  of  the  whole 
body 3 which,  therefore,  demonftrates  fome 
very  conftderable  ufe,  proper  to  this  vifcus. 
And  that  this  ufe  depends  manifeftly  upon  the 
air,  appears  from  the  univerfal  content  of  na- 
ture, in  which  we  fcarce  find  any  animal  with- 
out breathing  3 alfo  from  the  ftrucfture  of  the 
lungs  in  the  foetus,  in  which,  for  want  of  air, 
they  are  ufelefs,  receiving  only  a fmall  portion 
of  the  blood,  which  the  pulmonary  artery  con- 
duces from  the  heart.  We  are  now,  there- 
fore, to  fpeak  of  refpiration,  by  which  the  air 
is  drawn  into,  and  expelled  from  the  lungs. 

§•  275- 
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§.  275.  The  element  of  air  appears  from 
the  principles  of  philofophy,  to  be  an  elaftic, 
invifible  ‘ and  'fonorous  fluid.  But  the  atmo- 
fpherical  air,  which  we  commonly  receive  into 
the  lungs,  is  impure,  filled  with  a great  quan- 
tity of  watry  vapours,  with  the  feeds  of  plants 
and  animals,  and  other  foreign  matters,  but  in 
very  minute  particles;  fo  that  it  weighs  850 
times  lefs  than  water.  This  air,  which  fur- 
rounds  the  earth  on  all  fldes,  being  preffed  by 
the  incumbent  columns  of  its  own  mafs,  per- 
pendicularly, laterally  and  in  all  directions,  en- 
ters, wherever  it  meets  a lefs  refiflance,  and 
with  a confiderable  force,  as  appears  from  ex- 
periments made  with  empty  or  exhaufted  vef- 
fels,  and  by  the  air-pump. 

§.  276.  This  air  is  excluded  from  all  parts 
of  the  human  body  by  the  furrounding  clofe 
fkin,  which,  even  when  dried  or  tanned,  is 
impervious  to  the  air ; but  more  fo  as  under  the 
fkin  is  placed  the  fat,  making  an  equal  re(i- 
ftance  to  the  narrow  openings  of  the  abforbing 
veflels.  It,  therefore,  now  remains  for  us  to  en- 
quire, why  the  air  enters  the  lungs  of  an  adult 
perfon  ; for  with  this  they  are,  in  a manner, 
conflantly  full,  and  of  courfe  are  equally  prelfed, 
and  refilling  againfl  the  weight  of  the  whole 
atmofphere  : but  that  the  lungs  always  contain 
air  is  evident,  becaufe,  however-  clofe  you  com- 
prels  them,  they  will  be  fiill  lighter  than  wa- 
ter ; and  even  in  the  foetus,  after  they  have  been 
inflated  but  a few  times,  they  always  fwim, 
whereas,  before  breathing,  they  fink  to  the 

bottom 
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Bottom  of  water,  if  they  have  as  -yet  not  given 
admittance -to  the  air. 

§.  277.  The  equilibrium  of  the  air’s  preflure 
being  removed  in  any  place,  it  conflantly.  de- 
fcends  or  flows  that  way,  where  it  is  leaf:  re- 
filled (§.  275.).  Therefore*  for  the  air  to  en- 
ter the  lungs,  they  muft  make:  a lefs  refiflance 
to  it  than  before;  namely,  the  air,  which  is 
already  in  the  cellular  fabric  of  the  lungs,  mufl 
be  rarified  ; but  this  effiedt  will  follow,  if  the 
cavity  of  the  thorax,  in  which  the  lungs  are 
contained,  and  which  they  exactly  All,  be  di- 
lated (§.  284.).  Thus  the  air,  which  is  al- 
ways in  the  lungs,  expands  into  a larger  fpace, 
by  which,  being  weakened  in  its  fpring,  it 
makes  a lefs  refiflance  to  the  external  air ; and 
confequently  a portion  of  the  faid  external  air 
defcends  into  the  lungs,  fuflicient  to  reftore 
the  confined  and  rarefied  air,  filling  the  lungs 
to  the  fame  denfity  with  that  of  the  external 
air.  See  §.  290  and  293. 

§.  278.  We  mufl,  therefore,  defcribe  the 
powers,  which  dilate  the  thorax  to  produce 
this  effiedt.  The  breaft  or  thorax  is  a fort  of 
craticle  or  cage  made  up  of  moving  bones, 
mufcles  and  cartilages ; being  of  a figure  al- 
moft  elliptical  or  oval  with  the  narrower  end  of 
the  obtufe  cone  upwards,  and  fomewhat  com- 
preffied  before,  but  behind  divided  by  an  inter- 
mediate eminence  of  the  fpine.  In  the  upper 
and  Literal  parts  of  this  bony  craticle  are 
placed  the  lungs  ; in  the  middle  and  lower 
part  of  thefe  lies  the  pericardium  and  heart ; 

Q after 
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after  which,  a portion  of  the  arched  bafis  is 
taken  up  by  fome  of  the  abdominal  vifcera. 

§.  279.  The  {hell  and  pediment  of  the  tho- 
rax are  compofed  bv  twelve  ribs  on  each  fide, 
with  the  fternum  before,  and  the  fpinal  verte- 
bras in  their  middle  behind.  The  firmnefs  of 
thefe  vertebrae,  as  well  from  their  being  locked 
by  procefies  into  each  other,  as  by  their  con- 
nexion with  the  ribs,  makes  their  union  not 
eafily  diflblvable,  but  very  fufficient  to  fupport 
the  ribs,  as  upon  a folid  bafis.  The  ribs  are 
in  general  bent  in  the  form  of  an  irregular 
arch,  having  their  greatefl:  curvature  in  the 
hides  of  their  back  part,  but  extending  thence 
in  their  fore  part  towards  a right  line.  The 
bones  of  the  ribs  lie  fufficiently  parallel  with 
each  other.  The  greater  part  of  the  rib, 
which  is  bony,  is  round  and  thick  backward, 
but  thin  and  fiat  forward ; while  the  other 
part  forward  is  completed  by  a cartilage, 
which,  in  general,  continues  the  figure  of  the 
rib,  in  a flat  broad  concavity  of  whofe  bony 
extremity  it  is  fixed  and  grows  from. 

§.  280.  The  pofterior  and  bony  thick  part 
of  each  rib  terminates  in  a head,  along  from 
which,  in  the  body  of  the  uppermofl  and  two 
lowermoft  ribs,  runs  a cavity  or  groove,  form- 
ed in  the  other  ribs  betwixt  every  two  adjacent 
margins,  which  lie  one  towards  the  other.  The 
vertebrae  are  tied  to  the  ribs  by  ftrong  liga- 
ments, of  which  the  principal  fpread  from 
each  rib  like  rays  into  the  next  adjacent  verte- 
brae, other  ligaments  tie  the  tranfverfe  procefs 
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to  the  tubercle  of  the  rib,  and  others  tie  the  ribs 
one  to  another  and  to  the  tranfverfe  proceffes 
likewife  at  the  fame  time.  Moreover,  betwixt 
the  angle  of  incurvation  and  the  juncture  with 
the  vertebras,  each  of  the  ten  upper  ribs  fend 
out  a protuberance,  which,  being  articulated 
with  the  plain  fide  of  the  tranfverfe  procefs  of 
each  vertebra,  are  fo  tied  by  fhort  and  ftrong 
ligaments  to  that  procefs,  that  the  rib  has  li- 
berty to  make  a fmall  afcending  and  defcending 
motion,  but  with  a confiderable  degree  of 
firmnefs. 

§.  281.  Among  the  anterior  cartilages  of  the 
ribs,  the  feven  uppermoft  reach  to  the  fternum, 
and  enter  into  fmall  notches  or  cavities,  which 
are  incrufted  with  a cartilage  in  the  fides  of 
that  bone,  to  which  they  are  alfo  made  faff  by 
ftellated  ligaments.  Of  the  five  remaining  ribs, 
the  uppermoft  is  faftened  to  the  feventh  pre- 
ceding, and  that  to  the  next  lower  by  peculiar 
productions  of  the  cartilage,  firmly  cemented 
with  its  fellow,  and  covered  with  a ftrong  cel- 
lular membrane,  by  which  they  form  a conti- 
nuous margin  or  extremity,  which  is,  at  laft, 
alfo  faftened  to  the  fternum  ; but  in  the  twelve 
lowermoft  ribs  they  are  at  liberty  or  detached, ad- 
hering only  to  the  mufcles  on  each  fide.  Thefe 
cartilages  of  the  lower  ribs  are  connected  by 
ftrong  ligaments  to  each  other  and  to  the 
fternum. 

§.282.  The  courfe  or  direction  of  the  upper 
rib  is  defcending,  but  the  fecond  rib  joins  the 
fternum  almoft  in  a right  angle,  while  the 
others  afcend  from  the  Ipinai  vertebras,  but 
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more  efpecially  raife  upwards,  as  they  come 
nearer  towards  the  fternurn.  But  the  bony 
part  of  the  ribs  is  placed  in  fuch  a direction, 
that  the  uppermoft  have  their  fides  in  the  fore 
part,  very  much  declined  forward  almoft  tranf- 
verfely ; the  next  or  fecond  ribs  are  placed  al- 
moft to  a perpendicular,  while  the  middle  ones 
in  their  lower  part  projedt  a little  outward  or 
forward.  Therefore  the  firmnefs  of  the  ribs 
varies,  the  uppermoft  being  ftiort  rather  grow 
into  the  fternurn  than  form  a joint  with  it ; and 
they  tranfverfely  refift  it  with  a confiderable 
ftrength  on  each  fide.  From  thence  the  mo- 
bility of  the  fternurn  increafes  downwards,  ’till 
its  bottom,  adhering  only  to  mufcles,  has  the 
moft  eafy  motion. 

§.  283.  The  fternurn,  in  general,  is  a thin 
fpungy  bone  altogether,  one  in  adults,  but  is 
varioufly  divided  into  feveral  in  the  foetus  and 
younger  fubjedts.  Its  upper  end  refembles  an 
odtogon,  at  the  broader  part  of  which  it  is  ar- 
ticulated with  the  clavicles,  which  are  jointed 
very  clofely  with  the  triangular  head  of  the 
fternurn,  and  with  the  firft  rib  on  each  fide. 
The  fides  of  the  fternurn  receive  the  extremities 
of  the  ribs,  each  into  their  refpedtive  angular 
cavities,  while  the  lower  part  of  the  fternurn 
terminates  in  a detached  bony  appendix,  which 
is,  in  part,  cartilaginous,  capable  of  moving 
and  changing  its  pofition  under  the  denomina- 
tion of  the  Enfiform  cartilage. 

§.  284.  In  order,  therefore,  to  rarefy  the 
internal  air,  that  the  external  might  rufh  into 
the  lungs,  it  was  neceftary  for  the  thorax  to 
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be  dilated.  For  thus  all  the  fedlions  of  the 
thorax  form  right  angles,  and  its  capacity  is 
increafed.  This  motion  is  performed  by  various 
mufcles,  which  either  operate  conftantly,  or 
only  at  certain  times.  The  intercoftal  mufcles, 
therefore,  all  of  them  adt  perpetually  in  ele- 
vating the  ribs.  For,  by  this  name,  we  un- 
derftand  twenty-two  mufcles,  of  which,  eleven 
are  external  or  next  the  fkin,  and  as  many  in- 
ternal, feparated  from  the  pleura  only  by  fat 
or  cellular  fubftance.  The  beginning  of  the 
outer  intercojlals  is  at  the  pofterior  articulation 
of  the  ribs  (§.  280.)  j but  the  termination  of 
them  is  in  the  anterior  bony  part  of  each  rib,  at 
fome  diftance  from  the  cartilage,  in  fuch  a 
manner,  that  the  remaining  fpace  betwixt  the 
cartilage  and  fternum  to  the  mufcle  is  filled  by 
a tendinous  expanfion.  The  courfe  or  direction 
of  thefe  mufcles  is  fuch,  that  the  fibres  defcend 
obliquely  forward,  from  the  lower  edge  of 
the  upper  rib  to  the  upper  edge  of  the  lower 
rib.  And  that  their  adtion  is  to  elevate  the 
ribs,  all  authors  unapimoufly  agree  ; becaufe 
they  thus  defcend  frdm  the  upper  lefs  move- 
able  to  the  lower  more  eafily  moveable  bone, 
in  fuch  a manner,  that  their  lower  point  lies 
more  diftant  or  remote  from  the  hypomo*- 
chlion  or  point  of  motion,  which  is  in  the 
coflal  articulation  with  the  vertebrae,  confider*- 
ing  the  rib  as  a lever. 

§.  285.  But  the  internal  intercojlals  arife  at 
fome  diftance  from  the  vertebrae,  almoft  at  the 
outer  tubercles  of  the  ribs  before-mentioned 
(§.  280.)  5 from  whence  their  origination  con- 
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tinues  as  far  as  the  fternum,  into  which  the 
uppermoft  of  thefe  mufcles  are  inferted  above. 
The  direction  of  thefe  is  contrary  to  that  of 
the  former,  except  the  anterior  part  of  the  firft 
or  uppermoft  of  them  ; fo  that  they  defcend 
from  the  lower  margin  of  the  upper  rib  back- 
ward, to  the  upper  edge  of  the  lower  rib  for- 
wards. Therefore  fome  doubt  of  their  adtion, 
becaufe  their  lower  part  is  inferted  into  that  por- 
tion of  the  rib,  whicft  is  neareft  its  articulation 
with  the  vertebra,  and  which,  therefore, 
feems  to  be  the  lead;  moveable  : However,  they 
elevate  the  ribs,  notwithstanding  this ; for  the 
great  firmnefs  or  immobility  of  the  upper  rib, 
exceeding  that  of  the  lower,  is  evident  from 
the  articulation,  weight,  and  ligaments  there 
formed,  which  furpaffes  that  mobility,  arifing 
from  the  greater  diftance  of  the  center  of  mo- 
tion : this  appears  from  the  difiedtion  of  living 
animals,  in  which  we  fee  the  innner  intercoftal 
inufcles  operate  in  the  elevation  of  the  ribs, 
and  reft  in  the  depreffton  of  them  ; alfo  from 
a flexible  thread  fixed  to  the  rib  of  fome  hu- 
man fkeleton,  and  drawn  in  the  lame  diredfion 
with  that  of  the  fibres  of  the  inner  intercoftal 
'mufcles,  by  which  means  the  lower  rib  will  be 
always  approximated  towards  the  upper  : the 
greater  firmnefs  alfo  of  the  upper  ribs  proves 
this,  as  they  ferve  for  a fixed  point  to  the  lower 
ones;  for  the  firft  or  uppermoft  ribs  are  from 
eight  to  twelve  times  firmer  and  lefs  moveable 
than  the  lower  true  ribs ; but  the  difference  of 
diftance  in  them,  from  the  center  of  motion, 
is  fcarcely  the  twentieth  Dart  of  the  length  of 
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their  whole  lever.  [Laftly,  the  elevating 
power  of  the  internal  intercoftal  mufcles  ap- 
pears plainly  by  experiment  in  a dead  fubjedt, 
whofe  thorax,  being  raifed  or  inflated,  thofe 
mufcles  fwell  or  contract.] 

§.  286.  By  the  adtion,  therefore,  of  thefe 
mufcles,  the  thorax  is  elevated ; lince  as  the 
ribs  turn  upon  their  articulations,  their  extre- 
mities thereby  defcend  and  form  larger  angles ; 
but  from  thence  in  the  middle  of  their  arches, 
by  afcending,  their  lower  edges  are  drawn  up- 
ward. At  the  fame  time,  the  fternum  is  thrufl: 
out  forward  more  from  the  vertebras  and  from 
the  ribs.  Thus  the  ribs  recede  farther  from 
the  vertebra,  the  right  ribs  depart  from  the 
left,  and  the  diameter  on  all  fldes,  betwixt  the 
right  and  left  ribs,  betwixt  the  fternum  and 
the  vertebra,  is  every  way  increafed  to  about 
two  lines  or  twelfths  of  an  inch : and  there- 
fore this  enlargement,  following  in  every  ima- 
ginable fedtion  of  the  thorax,  will  fufliciently 
dilate  the  cavitv  of  the  bread:.  This  adtion  of 
the  ribs  is  more  particularly  complete  in  wo- 
men, and  in  men  who  have  no  fhortnefs  of 
breath.  But  this  dilatation  alone  is  not  fufli- 
cient  for  healthy  breathing,  nor  is  it  fo  confpi- 
cuous  or  evident  in  men,  although,  in  them, 
the  intercoftal  mufcles,  by  retaining  and  eleva- 
ting the  ribs,  very  much  aflifl:  the  infpiration 
in  a tacit  or  unadtive  manner,  while  they  afford 
a fixed  point  to  the  diaphragm,  that  the  whole 
force  of  that  mufcle  may  be  fpent  not  fo  much 
in  deprefling  the  ribs,  as  in  urging  down  the 
abdomen.  The  bigger  part,  therefore,  of  the 
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Space,  which  the  thorax  gains  in  inspiration, 
arifes  from  the  action  of  the  diaphragm. 

§.  287.  By  the  diaphragm  we  underfcand,  a 
mufcle,  expanded  in  a lenticular  or  fmall  oven- 
like curvature,  by  which,  in  general,  the  pul- 
monary bags  are  parted  off  tranfverfely  from 
the  abdomen,  in  fuch  a manner,  that  the 
middle  of  the  feptum  is  nearly  the  highefl  or 
uppermoft  part  of  its  convexity,  by  which  it 
Supports  the  pericardium,  while  its  lateral  parts, 
which  arife  from  the  fides  of  the  thorax  and 
loins,  have  on  all  fides  a defcending  obliquity, 
but  the  moft  backward,  as  it  defcends  lowed 
of  all  at  the  fpine.  The  flefliy  portions  of  this 
mufcle  arife  before  from  the  inner  tide  of  the 
entiform  cartilage,  and  from  the  inner  face  and 
extremity  of  the  feventb,  eighth,  ninth,  tenth, 
eleventh  and  twelfth  rib  ; after  which  follows 
an  interval,  in  which  the  naked  pleura  lies  con- 
tiguous to  the  peritonaeum  ; from  thence  the 
mufcular  legs  or  appendices  of  the  diaphragm, 
which  are  much  the  ftrongeft  part  of  it,  being 
collected  on  each  fide  into  two,  three  or  four 
round  mufcular  portions,  arife  flefhy  from  the 
tranfverfe  procefs  on  each  fide  of  the  firif  and 
Second  vertebra  of  the  loins,  and  tendinous 
from  the  middle  of  the  body  of  the  Second, 
third  and  fourth  of  thofe  lumbal  vertebra?. 

§.  288.  All  the  fore-mentioned  mufcular 
fibres,  (§.  287.)  becoming  tendinous,  form  the 
center  of  the  diaphragm,  which  refembles,  in 
figure,  an  obtufe  index  of  a fun-dial,  having 
the  middle  of  the  larger  angle  Supporting  the 
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diaphragm,  while  the  lateral  angles  or  wings 
defcend  backward,  the  left  being  narrower  than 
the  right.  This  center  of  the  diaphragm  is 
more  moveable  and  at  liberty  than  the  reft ; 
except  in  the  middle  of  its  tendinous  part,  near 
the  flefhy  margin,  where  the  incumbent  heart 
makes  a refiftance,  but  the  lateral  parts  and  the 
flefhy  portions  belonging  to  them,  are  the 
moft  moveable. 

§.  289.  There  are  two  confiderable  open- 
ings through  the  diaphragm,  of  which  that 
on  the  right  fide  of  its  tendinous  part  is 
fomewhat  fquare  and  lined  or  circumfcribed 
by  four  ftrong  tendinous  portions ; the  left 
opening  is  elliptical  betwixt  the  two  mufcular 
legs,  or  right  and  left  portions,  which  arife 
from  the  middle  of  the  bodies  of  the'vertebrse 
of  the  loins,  under  which  opening  they  de- 
cuflate  and  crofs  each  other  once  or  twice,  but 
above  they  end  in  the  tendon.  This  left  open- 
ing is,  therefore,  drawn  clofe  together  in  the 
contraction  of  the  diaphragm,  while  it  is  pro- 
bable, that  the  other  opening  remains  immove- 
able j becaufe  the  tendons  of  mufcles  are  but 
little  changed  in  their  motion  of  contraction. 

§.  290.  The  ftruCture  of  the  parts,  and  the 
difleCtion  of  living  animals  demonftrate,  that 
the  flefhy  portions  of  the  diaphragm,  which 
on  all  fides  afcend  from  the  firm  parts  to  the 
middle  and  more  moveable  portion  of  it,  do, 
by  their  contraction,  deprefs  the  fame,  and  by 
that  means  draw  downward  the  lateral  bags  of 
the  thorax,  which  contain  the  lungs  (§.  75.): 
^nd  by  this  means  the  perpendicular  diameter 
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of  the  thorax  is  confiderably  increafed,  whiler 
all  the  vifcera  of  the  abdomen  are  comprefied 
and  urged  againft  the  refitting  mufcles  of  the 
abdomen,  with  the  refitting  bony  fides  of  the 
pelvis.  So  that  the  diaphragm  almoft  alone 
performs  the  office  of  refpiration  in  a healthy 
man,  who  is  at  reft.  [The  lungs  themfelves 
are  altogether  paffive  or  obedient  to  the  action 
of  the  air,  ribs  and  diaphragm  ; to  which  they 
are  prefied  into  fuch  clofe  contadt  on  all  fides, 
that  when  the  thorax  is  denudated  or  cleared 
by  the  knife,  leaving  its  capacity  entire,  the 
lungs  appear  filling  out  the  pellucid  pleura  and 
diaphragm,  as  clofe  as  an  onion  to  its  withered 
ikins.] 

§.  291.  But  in  larger  infpirations,  which 
receive  a greater  quantity  of  blood  driven  into 
the  lungs,  and  when  there  is  any  obftacle  or 
difficulty  oppofed  to  the  adtion  of  the  lungs 
themfelves  j in  thofe  cafes,  feveral  other  powers 
confpire  to  dilate  the  breaft  and  raife  the  ribs : 
which  powers  are  inferted  either  into  the  tho- 
rax, clavicles  or  fcapulse,  fuch  as  the  fcaleni 
mufcles,  trapezii,  cervicales  defcendentes,  ferrati 
luperiores,  and  pedtorales,  together  with  the 
3, mall  elevators,  of  which  a more  ample  de- 
fcription  may  be  had  from  profefied  fyftems  of 
anatomy, 

§.  292.  We  have  hitherto  furveyed  the 
powers  (§.  209,  286.),  which  are  able  to  in- 
creafe  the  capacity  of  the  thorax  in  all  its  di- 
menfions ; it,  therefore,  remains,  that  the  air 
(§.  273.),  whiph  is  a heavy  fluid,  and  prefied 
pn  all  fides  by  the  incumbent  columns  of  the 
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atmofphere,  muft  now  enter  the  thorax  or 
lungs  by  that  greater  force  which  it  has  over 
the  little  rarefied  air  already  in  the  lungs,  or 
yet  more  powerfully,  if  they  contain  no  air  at 
all.  In  this  action,  therefore,  which  is  called 
infpiration,  the  bronchia  or  branches  of  the 
wind-pipe  are  every  way  increafed,  both  in 
length  and  diameter  i becaufe  all  the  diame- 
ters of  the  thorax  are  increafed  : but  in  this  adl, 
the  inflated  lungs  always  follow  clofely  conti- 
guous to  the  pleura,  without  leaving  any  in- 
termediate fpace.  At  the  fame  time  the  pul- 
monary blood-veflels,  which  are  wrapped  up, 
together  with  the  bronchia,  in  a covering  of  the 
cellular  fubftance,  are  likewife  with  them  ex- 
tended in  length,  and  fpread  out  from  fmaller 
into  larger  angles,  by  which  means  the  circu- 
lation is  rendered  e&fier  through  them.  While 
this  is:  performing,  the  veficular  fubftance,  or 
flefh  of  the  lungs  themfelves,  filled  out  with 
air,  increafes  thofe  fpaces  through  which  the 
capillary  blood-veflels  of  the  lungs  make  their 
progrefs,  whereby  the  veficular  preflure,  upon 
each  other,  and  upon  thofe  veflels  adjacent,  is 
leflened ; thus,  therefore,  the  blood  will  flow 
with  greater  eafe  and  celerity  into  and  through 
the  larger  and  fmaller  veflels  of  the  lungs. 
Hence,  we  obferve,  the  pulfe  is  quicker,  dur- 
ing the  time  of  infpiration.  But  as  for  the 
preflure  of  the  air  upon  the  blood  in  the 
lungs  m this  aftion,  it  is  fo  inconftderable,  as 
not  todeferve  our  notice.  [For  the  preflure  of 
the  atmofphere  is  never  naturally  fo  much  in- 
preafed,  as  to  urge  the  air  through  the  pores 
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of  the  lungs  into  the  blood,  as  it  eafily  may  be 
forced  by  art  with  a fyringe  ; although  fome 
of  the  air  may  be  Substantially  expelled  or  ab- 
forbed  this  way,  as  it  is  in  common,  through 
the  pores  of  all  other  bodies,  while  it  approaches 
to  a folid  or  fixed  date.] 

§.  293.  It  is  by  fome  queried,  whether  there 
be  not  air  betwixt  the  lungs  and  the  thorax  ? 
and  whether  this  air,  being  rarefied  in  inspira- 
tion, is  not  afterwards  condenfed,  fo  as  to  com- 
prefs  the  lungs,  and  caufe  inspiration  ? and  they 
again  afk,  whether  this  opinion  be  not  con- 
firmed by  the  inftances  of  birds,  in  which  we 
find  this  matter  to  be  truly  So.  But  we  fee 
every  thing  concurs  to  confute  this  opinion  : 
for  ( 1.)  immediately  behind  the  pleura,  in  living 
quadrupeds,  as  well  as  in  dead  human  bodies, 
the  lungs  are  contiguously  vifible  to  the  naked 
eye,  without  any  intermediate  Space  betwixt 
them  (§.  290.);  but  the  pleura  being  per- 
forated, the  lungs  are  immediately,  by  the  con- 
tiguous air  that  enters,  prefled  together  towards 
the  vertebra?.  (2.)  Large  wounds,  admitting 
the  air  only  into  one  cavity  of  the  thorax,  di- 
minish the  refpiration  ; but  fuch  wounds,  as 
let  the  air  into  both  cavities,  quite  fuffocate 
or  fupprefs  the  refpiration.  (3.)  The  thorax 
being  opened  under  water,  fends  out  no  bubbles 
of  air  through  the  Said  water.  Again,  (4.) 
the  imaginable  Space  betwixt  the  lungs  and  the 
thorax  is  always  filled  up  by  a watry  or  Serous 
vapour,  or  elfe,  by  the  lame  vapour,  condenfed 
into  a watry  lymph.  (5.)  If  the  lungs  adhere, 
they  injure  the  refpiration  but  \n  a Small  de- 
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gfee  ; which  ought  entirely  to  ceafe,  if  it  re- 
quired an  intermediate  air  betwixt  the  lungs 
and  thorax.  Finally,  (6.)  the  external  air, 
being  admitted  to  any  of  the  internal  mem- 
branes of  the  human  body,  deftroys  their  tex- 
ture, if  they  are  not  defended  by  a plentiful 
mucus;  of  which  we  can  find  none,  either 
upon  the  furface  of  the  lungs  or  of  the  pleura. 

_§.  294.  After  the  thorax  has  been  every  way 
dilated  by  the  faid  powers  (§.290,  286.),  as 
far  as  it  well . can  be,  or  as  far  as  is  fufficient 
for  the  purpofes  of  life  and  health,  the  air, 
thus  received  into  a place  conftantly  near  thirty 
degrees  hotter  than  itfelf,  grows  warm  there 
from  the  blood,  [for  the  middle  degree  of  the 
air’s  heat,  in  the  northern  countries  of  Europe, 
mounts  the  thermometer  to  about  48  gr.  while 
the  mean  heat  of  the  expired  air  from  the  lungs 
is  94  gr.  of  which  the  difference  46  gr.  of 
heat  is  gained  by  the  air  from  the  blood,  fince 
breath  feems  to  have  the  fame  heat  with  the 
lungs  in  its  contadd]  from  which  it  acquires 
about  fifteen  degrees  of  heat ; therefore  the 
air  thus  expanding  the  cells  to  their  utmoft  ex- 
tent, whofe  dilatation,  at  the  fame  time,  meets 
with  no  empty  fpace  in  the  thorax,  the  blood 
thereupon  begins  to  be  fiopt  by  the  air’s  ex- 
panfion  [being  rarefied  or  increafed  one  twelfth 
part  of  its  bulk]  comprefling  the  lead  vefiels, 
by  which  means  a new  refinance  arifes  to  the 
blood,  perpetually  flowing  from  the  heart  into 
the  lungs ; and,  therefore,  we  fee,  in  hard 
draining  and  long  retenfions  of  the  breath,  the 
venal  blood  Magnates  in  the  veins  (efpecially 
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about  the  head)  before  the  right  fide  of  the 
heart,  which  is  now  fhut,  becaufe  unable  to 
empty  itfelf  into  the  lungs ; whereupon  the 
face  fwells  or  looks  red,  and  fometimes  the 
veins  of  the  brain,  neck,  inteftines,  kidneys, 
lungs,  or  even  the  right  auricle  itfelf,  will  be 
burfcened  by  the  violence.  Such  is  the  caufe  of 
death,  in  thole  who  are  fuffocated  by  compreffed 
air,  by  drowning  in  water,  or  by  ftrangling  with 
cords.  Therefore  that  anguifh  or  uneafinefs, 
which  arifes  from  the  ftoppage  of  the  blood  in 
its  courfe  through  the  lungs  of  a healthy  per- 
fon,  is  the  occafion  which  excites  him  to  open 
or  relax  again  the  powers  of  infpiration,  and  im- 
mediately to  ftir  up  the  forces  which  concur  to 
expiration,  thereby  to  free  the  thorax  and  lungs 
from  the  too  much  rarefied  air. 

§.  295.  The  powers  concerned  in  expiration 
are  chiefly  the  oblique  mufcles  of  the  abdo- 
men, together  with  the  ftrait  and  tranfverfe 
ones.  The  former  of  thefe  are,  in  one  part 
of  them,  faftened  to  the  lower  ribs,  and,  in 
another  part,  they  are  attached  to  the  os  pubis 
and  ilium,  as  a fixed  point,  with  refpedf  to  the 
bread;.  Therefore  the  ffrait  mufcles,  being 
contracted,  deprefs  the  arch  or  convexity  into 
which  the  abdominal  vifcera  are  thruft  by  the 
diaphragm,  and  bring  the  fame  nearer  to  a 
ffrait  line  ; and,  at  the  fame  time,  the  abdomi- 
nal vifcera  are  prdfed  by  thofe  mufcles  upward 
and  backward  again  ft  the  diaphragm,  which 
alone  is  able  to  give  way,  and  yield  up  into  the 
thorax,  which,  at  that  time,  is  rendered  fhorter. 
The  oblique  mufcles,  for  the  fame  reafons, 
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comprefs  the  lateral  parts  of  the  abdomen,  and 
urge  the  liver,  fpleen  and  ftomach  upwards  : 
and  laftly,  they  draw  down  the  ribs,  which 
were  before  elevated  by  the  intercoftals.  The 
tranfverfe  mufcles,  indeed,  do  not  draw  down 
the  ribs,  but  they  pull  the  cartilages  of  thefalfe 
ribs  a little  inward,  and  render  the  whole  ca- 
pacity of  the  abdomen  lefs,  while,  at  the 
fame  time,  they  urge  the  vifcera  againft  the 
diaphragm.  By  thefe  means  the  thorax,  con- 
trary to  its  former  hate  (§.286.)  is  every  way 
rendered  narrower  and  fhorter,  fo  as  to  expel 
as  much  air  out  of  the  lungs,  as  is  fufficient  to 
relieve  the  uneafinefs  caus’d  by  its  retention 
(§.  294.).  At  the  fame  time  the  mufcular  fa- 
bric of  the  bronchia  exerts  a power  of  contrac- 
tion againft  the  diftending  air,  fo  as  to  promote 
its  expuhion ; and  the  ribs  themfelves  likewife 
returning  by  their  elafticity  to  that  fituation  and 
reft,  which  their  articulations  require  in  a ftate 
of  expiration,  do  all  of  them  fly  upwards  and 
together,  fo  foon  as  the  extending  powers 
ceafe ; whereupon  their  elafticky  reftores  them 
fpontaneoufly  to  their  refpedtive  places  during 
expiration.  From  hence  expiration  becomes 
eafler  than  infpiration,  and  quicker  in  propor- 
tion as  three  to  two  5 and  from  hence  it  re- 
mains always  as  the  laft  adt  in  a dying  perfon. 
The  triangular  mufcle  alfo  of  the  fternum,  by 
elevating  the  cartilages  of  the  true  ribs,  toge- 
ther with  the  fternum  itfelf,  which  they  draw 
■upward  and  backward,  has  fome  fmall  Lhare  in 
this  adtion. 
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§.  296.  In  a more  powerful  refpiration,  when 
the  inspirations  are  made  wilfully  greater,  the 
expirations  are  likewife  increafed  by  the  affi- 
ftance  of  fome  other  powers,  as  of  the  facro 
lumbalis,  longiffimus  and  quadratus  mufcles  of 
the  back  and  loins.  This  force,  by  which  the 
air  is  blown  out  of  the  lungs  through  a tube, 
is  fufficient  to  carry  a leaden  bullet,  weighing 
above  a dram,  to  the  diftance  of  one  hundred 
and  fixty  yards.  But  in  a healthy  perfon,  the 
mufcles  of  the  abdomen  alone  fuffice  to  an  eafy 
expiration,  in  which  the  lungs  are  not  fo  much 
emptied  of  air  as  they  are  by  a violent  dila- 
tion.. ' 

§.  297.  The  effects  of  expiration  are  a cOm- 
preffure  of  the  blood  veffels  in  the  lungs,  a 
reduction  of  the  bronchia  or  branches  of  the 
wind-artery  into  more  acute  angles,  a preffure 
of  the  reticular  fmall  veffels  by  the  weight  and 
contact  of  the  adjacent  larger  veffels ; by  which 
'means  part  of  the  blood,  hefitating  in  the  ca- 
pillary arteries,  is  urged  forward  through  the 
veins  to  the  left  fide  of  the  heart,  while,  at 
the  fame  time,  that  part  of  the  blood  is  refilled 
which  flows  in  by  the  artery  from  the  right 
ventricle;  for  we  fee,  by  experiment,  that  if 
the  lungs  are  not  inflated,  they  are  never  well 
filled  by  an  injection,  which  always  lucceeds 
the  beft,  by  caufing  the  lungs  to  imitate  vital 
refpiration.  [Does  not,  therefore,  the  blood 
feem  to  flow  quicker  through  the  lungs,  than 
through  other  parts  of  the  body  ? and  is  not 
this  made  probable  from  the  quantity  of  the 
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blood,  and  the  fhortnefs  of  its  courfe,  in  gor 
ing  from  the  right  to  the  left  ventricle  ?] 

§.  298.  In  this  manner  a frefh  neceffity  fol- 
lows for  repeating  the  refpiration-;  becaufethe 
coliapfed  veffels  of  the  lungs  refill,  the  blood, 
repeatedly  expelled  from  the  right  ventricle  of 
the  heart.  And  this  makes  another  caufe  of 
death,  in  thofe  animals  which  expire  in  veffels’ 
exhaufled  of  air  : for  in  fuch,  the  lungs,  hav- 
ing the  air  drawn  out  from  them,  appear  denfe, 
folid  and  heavier  than  water ; whence  they 
are  rendered  impervious  to  the  blood.  Of  the 
fame  kind  is  the  death  of  thofe  who  are  e'xtin- 
guifhed  by  lightening.  Thus,  therefore,,  by 
the  power  of  a moll  wife  fabricature,  the  or- 
gans of  expiration  are  relaxed,  fo  foon  as  that 
uneafinefs  is  perceived,  which  arifes  from  the 
hinderance  of  the  blood’s-  courfe  through  the 
lungs;  and  thereupon  the  powers  of  infpira- 
tion  are  excited  into  adlion,  whereby  the  courfe 
of  the  blood  through  the  lungs  is  rendered  free 
and  quicker.  [A  denfe  air  will  fupport  life 
much  longer  than  that  which  is  ratified  ; be- 
caufe  the  former  more  eafily  and  fpontaneoully 
enters  and  diftends  the  lungs,  while  the  latter, 
being  unable  to  overcome  the  refiftance  of  the 
air-veffels  and  confined  breath,  is  excluded. 
Yet  a healthy  perfon  can,  without  much  diffi- 
culty, fupport  any  air  that  has  but  half  the 
common  denfity  of  the  atmofphere.J 

§.  299.  It  is  by  lome  queried,  whether  or 
no  there  are  not  other  caufes  of  alternate  re- 
fp  ration  ? whether  or  no  we  may  hope  for  any 
difcovery  in  this  matter,  by  compreffing  the 
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vena  azygos,  the  phrenic  nerve,  or  intercepting 
the  blood  fent  to  the  brains  ? But  thofe  are 
repugnant  to  comparative  anatomy  ; by  which 
we  always  find  the  fame  alternation  in  the 
breathing  of  the  animal,  independent  of  any 
fuch  nerve  or  vein.  Whether  or  no  refpiration 
is  from  the  alternate  contraction  of  the  antago- 
nist •mufcles,  among  which,  thofe  of  expira- 
tion relax  the  others  of  infpiration,  and  the 
reverfe  ? but  in  this  manner,  all  the  mufcles  of 
the  human  body  are  perpetually  in  an  alterna- 
tive motion. 

§.  300.  From  what  has  been  hitherto  faid, 
it  appears,  that  refpiration  is  unavoidably  and 
abfolutely  neceffary  to  life  in  a healthy  adult 
perfon ; becaufe,  whether  the  lungs  remain 
long  in  a date  either  of  expiration  or  infpira- 
tion (§.  29S,  293.),  we  fee  death  will  be  the 
confequence.  Therefore  no  animal,  that  has 
lungs  like  ourfelves,  after  it  has  once  breathed, 
can  fubfid  longer  than  a few  minutes  without 
the  ufe  and  benefit  of  a free  air ; but  it  will 
either  perifh,  or,  at  lead  fall  into  fuch  a date, 
as  differs  from  death  only  in  its  being  recover- 
able again  by  certain  powers  or  actions. 

§.  301.  But  the  ufe  of  refpiration  is  different 
from  this  necefiity,  which  nature  might  have 
avoided,  either  by  ufing  no  lungs  at  all,  or  elfe 
by  dilpofing  them  in  a manner,  refembling 
thofe  of  the  foetus.  This  ufe,  therefore,  of 
refpiration  mud  be  very  considerable,  fince  all 
animals  are  either  made  with  lungs,  or  with 
' ills  as  in  fifh,  or  elfe  with  a wind-pipe  dif- 
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perfed  through  all  parts  of  the  body,  as  in 
infedls. 

§.  302.  In  order  to  difcover  this  immediate 
ufefulnefs  of  refpiration  in  mankind,  let  us 
compare  the  blood  of  an  adult  perfon  to  that 
of  a foetus,  and  alfo  with  the  fame  vital  fluid 
in  fifh.  It  appears  then  in  a foetus,  that  the 
blood  is  deflitute  of  its  florid  redneis  arid  folid 
denfity  ; and  in  the  blood  of  fifh  we  obferve, 
there  is  neither  heat  nor  denfity,  and  but  little 
craflamentum  contained  in  it ; and,  therefore, 
all  thefe  properties,  we  are,  by  the  nature  of 
things,  perfuaded,  the  blood  acquires  in  the 
lungs. 

§.  303.  It  follows,  therefore,  that  our  blood 
acquires  its  heat  principally  in  the  lungs ; for 
that  all  animals,  wdflch  have  lungs,  and  two 
ventricles  in  the  heart,  have  the  heat  of  their 
blood  commonly  twice  that  of  the  atmofphere 
(§.  294.).  [Thus,  in  the  fame  northern  feas, 
we  obferve,  that  thofe  fifh,  which  have  no 
lungs  for  breathing,  are  cold  as  the  element, 
although  their  flight  and  motion  through  the 
waters  be  ever  fo  ftrong  and  rapid  ; but  at  the 
fame  time  thofe  of  the  whale  kind,  which 
breathe  with  lungs,  have  their  blood  warm  like 
that  of  man,  although  they  remain  almoft  ever 
fleepy  and  fiuggifh.  Neither  the  heart,  there- 
fore, nor  all  the  reft  of  the  body,  are  able  to 
• generate  the  heat  of  the  blood,  without  the 
aftiftance  of  the  lungs.]  But  does  not  this 
arife  from  the  alternate  extenfion  and  contrac- 
tion, relaxation  and  compreffion  of  the  pulmo- 
nary veffels  (§.  292,  2 95.),  by  which  the  folid 
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parts  of  the  blood  are  perpetually  rubbed  to- 
gether, and  clofely  comprefied  in  the  attrition 
that  is  made  during  expiration,  as  it  is  more 
rapidly  moved  and  ground  together  during  in- 
fpiration.  Nor  is  it  any  objection  to  this,  that 
water  cannot  be  made  to  grow  hot  by  any  friction. 
Nor,  in  reality,  is  that  aflfertion  true  ; for  wa- 
ter, by  violent  winds  and  motion,  as  well  as 
milk,  acquires  fome  degree  of  warmth;  and 
the  blood,  which  is  fo  much  more  elaftic  and 
inflammable  than  water,  muft  of  courfe  acquire 
a much  greater  heat.  Nor  is  the  heat  of  the 
blood  from  any  effervefcence.  For  only  the 
mufcuiar  motion,  being  increafed,  or  even 
merely  by  an  increafed  ufe  of  the  organs  of  re- 
fpiration, the  heat  of  the  blood  is  augmented; 
as  it  is  dimini  bed  in  proportion,  as  thofe  ac- 
tions are  diminifhed,  and  loon  ceafes  when  they 
are  wholly  fupprefled. 

§.  304.  The  denfity  of  the  blood  is,  indeed, 
again  promoted  in  the  lungs,  partly  by  the  co- 
pious aifcharge  of  the  warry  vapour,  which  is 
there  feparated,  and  expeiled  from  the  pulmo- 
nary vefiels,  by  which  the  reft  of  the  mafs  will 
become  fpecifically  heavier.  But  the  fame  ef- 
fect fee  ms  to  follow  more  efpecially  from  the 
attrition  and  preffure,  which  the  blood  here 
fuffers  in  being  alternately  retarded,  accelerated, 
and  figured  in  its  ccurle  through  the  modulat- 
ing tubes  of  the  lea  ft  veflels,  which  give  a 
fphericity  and  denfity  to  the  particles.  And,  in 
this  reipecc,  the  pulmonary  vein,  being  ftnalier 
than  its  correfpondi  \g  artery,  is  of  no  fmall 
ufe  towards  increafing  the  attraction  of  cohe- 
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fion  betwixt  the  parts  of  the  globules,  fo  as  to 
comprefs  and  bring  them  clofer  to  each  other. 
But  it  is  well  known,  by  the  experiments  of 
Sir  Ifaac  Newton,  that  rednefs  is  increafed  by 
a greater  denfity  of  particles.  From  hence  it  is, 
that  the  rednefs,  heat  and  denfity  of  the  blood 
are  always  proportionably  encrealed  together  by 
mufcular  motion  or  exercife,  with  which  the 
motion  of  the  lungs  in  refpiration  necefiariiy 
correfponds  and  increafes.  [But  that  there  is 
fome  fmall  difference  betwixt  the  blood  of  the 
lungs  and  that  of  other  parts,  is  argued  from 
many  experiments ; and  particularly  extreme 
cold  there  condenfes  the  blood  in  fome  degree. 
Add  to  this  its  difference  from  the  thin,  watry 
and  iight  blood  of  fifhes.] 

§.  305.  It  is,  therefore,  queried  by  fome, 
whether  the  air  itfelf  is  not  received  by  the 
blood  in  the  lungs,  fo  as  to  excite  neceffary  vi- 
brations therein  ? whether  this  does  not  appear 
from  the  refiftance  of  bodies  to  the  heavy  ex- 
ternal air  ; and  from  the  air  found  in  the  blood 
veffels,  in  the  cellular  fubftance,  and  in  cer- 
tain cavities  of  the  human  body  ; alfo,  from  the 
cracking  obferved  by  an  extension  of  the  joints  3 
to  whigh  add  the  air  manifeftly  extravafated 
from  the  wind-pipes  into  the  hearts  of  certain 
animals,  as  in  the  locufl,  together  with  a ne- 
ceffity  of  a vital  ofcillation  in  the  blood  itfelf  ? 
[and  laftly,  the  increafed  rednefs  of  the  pul- 
monary blood  ?] 

§.  306.  Contrary  to  all  this,  it  is  evident, 
that  the  blood  here  receives  no  air  into  itfelf  j 
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partly  from  the  minutenefs  of  the  Inhaling  vef- 
fels, with  the  mucus  that  perpetually  lines  the 
fides  of  the  veficles  in  the  lungs;  to  which 
add  the  nature  of  the  elaflic  air  itfelf,  which 
is  very  unapt  to  pafs  through  capillary  veffels, 
with  a repulfion  of  it  by  water,  that  hinders  it 
from  palling  through  paper,  linnen  cloth  or 
fkins  that  are  wetted  by  water.  Again  the  air 
being  drove  into  the  wind-pipe,  never  paiTes  to 
the  heart,  or  whenever  it  does,  it  is  forced  thi- 
ther by  fome  great  or  unnatural  violence : but 
the  permanent  air  in  the  veffels  and  humours  of 
the  human  body,  from  a date  of  inelaflicity, 
may  bcome  elaflic  by  putrefaction,  froft  or 
an  external  vacuum.  But  fuch  permanent  un- 
elaftic  air  is  incorporated  with  ail  liquors,  and 
taken  into  our  bodies  with  the  aliments  and 
with  abforbed  vapours,  mixing  flowly  and  with 
fome  difficulty.  But  there  never  were  any 
elaflic  bubbles  of  air  obferved  in  the  blood  of 
a living  animal ; and  fuch  air,  being  inflated 
into  the  blood  veffels  of  any  living  animal, 
kills  it  certainly  and  fpeedily.  [Nor  is  there 
any  great  certainty  of  the  blood  in  the  pul- 
monary veins,  being  of  a brighter  red  colour.] 

§.  307.  Whether  or  no  the  blood^s  cooled 
in  the  lungs  ? and  whether  or  no  this  leems  to 
be  true  from  the  death  of  animals  in  air,  which 
is  hot  to  fuch  a degree,  as  equals  the  heat  of 
the  hottefl  breezes  in  the  mofl  iultry  dog-days? 
[and  whether  the  pulmonary  veins  are  not, 
therefore,  lefs  than  the  arteries  ?]  that  the 
blood  is  cooled  in  the  lungs,  is  thus  far  true ; 
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in  that,  it  there  communicates  fifteen  degrees 
of  its  warmth  to  the  contiguous  air  (§.  294.)* 
But  that  this  was  not  the  principal  defign  of 
nature  here,  upon  the  blood,  is  evident ; fince 
no  one  will  fay,  that  the  venal  blood  is  hotter 
than  the  arterial,  although  fome  pronounce  the 
former  to  be  fomewhat  cooler.  Since,  there- 
fore, the  venal  blood  enters  the  lungs,  if  it 
be  there  cold,  it  will  follow,  that  the  arteries 
mu  ft  receive  it  ftill  colder.  But  then  here  the 
degrees  of  heat,  which  the  blood  communi- 
cated to  the  air,  are  again  recovered  by  it. 
[And,  indeed,  a perfon  may  live  in  an  air  much 
hotter  than  the  blood  itfelf.  We  fee  the  greater 
capacity  of  the  right  ventricle  and  pulmonary 
artery  was  neceftary  to  referve  and  retard  the 
blood,  as  the  pulmonary  vein,  being  narrower, 
accelerates  it. 

§.  308.  Whether  the  ufe  of  the  lungs  is  to 
abforb  a nitre  from  the  air  to  the  blood  ? or 
whether  the  florid  colour,  obfervable  in  the 
fu trace  of  a cake  of  blood,  be  owing  to  the 
fame  caufe,  while  the  bottom  part  looks  of  a 
dark  and  blackilh  colour  ? remain  as  queftions 
with  fome.  That  there  is  a kind  of  volatile 
acid  in  the  air  is  certain,  fince  that  meeting  with 
a luitable  earth  forms  nitre  ; for  a nitrous  earth, 
being  exhaufted  of  its  fait,  and  expofed  again 
to  the  air,  becomes  re-impregnated  with  more 
nitre.  But  the  fame  univerfal  acid,  we  know 
by  certain  experiments,  meeting  with  a diffe- 
rent fort  of  earth,  forms  a vitriolic  fait,  or  elfe 
left' fait.  For  the  caput  mortuum  of  fea-falt, 
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which  remains  after  the  distillation  of  the  Spi- 
rit, recovers  fo  much  ftrength  from  the  air, 
as  enables  it  to  yield  more  fpirit  by  distillation  ; 
even  in  fnow  there  is  a cubical  fait,  but  mar- 
cafite  fweats  out  a true  vitriol,  and  colcothar 
recovers  again  the  acid  fpirit,  which  was  drawn 
from  it ; alfo  fixed  alcali,  expofed  to  the  air, 
turns  into  a vitriolic ' tartar.  This,  therefore, 
cannot  be  the  ufe  of  refpiration,  becaufe  thofe 
Salts  abound  in  too  fmall  a quantity  in  the  air  for 
Such  ufes  ; and  air  is  fitted  for  breathing  when 
pure  in  high  mountains,  w’here  thofe  falts 
are  the  lead  to  be  found  ■ nor  is  there  any  ni- 
trous fait,  as  yet  known,  to  be  found  in  our 
blood.  As  for  the  upper  part  of  the  furface  of 
the  cake  of  blood  appearing  of  a bright  florid 
colour,  that  arifes  from  a relaxation  or  looler 
difpofition  of  the  fpherical  globules  there, 
while  the  bottom  part  appears  black,  becaufe 
the  globules  are  there  more  comprefled  and  con- 
denfed  by  the  other  incumbent  parts. 

§.  309.  If  it  be  afked,  why  tortoifes,  frogs, 
1 'zards,  Snails,  ear-wigs  and  other  infects  live 
long  without  air  j we  anfwer,  that  in  them 
the  lungs  are  given  not  fo  much  for  the  pre- 
paration of  the  blood,  which  they  receive  but 
in  a very  fmall  quantity,  as  for  the  ufe  of 
Swimming  in  the  water : and  from  hence  it  is 
that  their  lungs  are  immediately  joined  with 
the  vena  cava  and  great  artery.  But  infebts, 
we  know,  draw  the  air  in,  and  exhale  it  again 
through  their  lkin.  If  it  be  afked,  why  all 
animals  perifh  in  air  that  is  confined  or  not 
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renewed,  although  the  animal  be  (mail,  fuch  as 
little  birds ; we  anfwer,  becaufe  the  air,  which 
has  once  entered  the  lungs,  and  been  fouled 
by  watry  vapours,  is  rendered  lefs  elaflic,  and 
unfit  for  refpiration  by  alcaline  vapours.  Hence 
it  is,  that  the  animal  furvives  longer  in  air  that 
is  more  compreffed,  than  that  of  the  atmo- 
fphere : for  in  that  cafe,  there  is  a greater  pro- 
portion of  the  elabic  element,  which  takes 
up  a longer  time  to  corrupt  it.  But  even,  in 
other  cafes,  confined  air  is  rendered  deftrudtive 
only  by  flagnation,  and  filling  it  with  vapours. 
But  the  reafon,  why  animals  fwell  in  an  ex- 
haufted  veffel,  is,  from  the  extrication  and  ex- 
pansion of  the  unelaflic  air  lodged  in  the  blood 
and  other  juices, 

§.  3 ; o.  There  is  a certain  confent  or  pro- 
portion between  the  pulfe  and  the  refpiration ; 
t!  ■ according  to  the  common  courfe  of  nature, 
there  are  three  or  four  pulfes  counted  to  one 
refpiration.  But  if  more  blood  is  fent  to  the 
heart,  in  a given  time,  the  numbers,  both  of 
the  puke  and  refpiration,  are  increafed.  This 
is  the  reafon  of  the  panting  or  fhort  breathing 
in  a perfon  that  exercifes  his  body  with  any 
confiderable  motion  j whereby  the  venal  blood 
is  returned  fader  to  the  heart  (§.  142.).  But 
if  the  blood  meets  with  a greater  refinance  in 
the  lungs,  fo  that  it  cannot  pafs  freely  from  the 
right  into  the  left  ventricle  of  the  heart,  then 
the  refpiration  is  increafed  both  in  the  number 
and  magnitude  to  forward  its  courfe  j and  this 
js  the  caufe  of  fighing  and  yawning.  If  it  be 
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afked,  why  an  animal  that  is  dying  may  be  re- 
covered again  to  life,  by  inflating  air  into  the 
lungs  j we  anfwer,  that  the  proximate  caufe  of 
death  (§.  257.)  is  too  great  a refinance  oppofed 
to  the  courfe  of  the  blood  through  the  lungs, 
whereby  it  cannot  pafs  to  the  aorta  ; but,  by 
inflating  the  lungs,  that  refiftance  is  removed, 
and  the  way  opened  for  the  blood  to  pafs  on, 

(§•  286.). 

§.  311.  The  mucus,  which  lines  the  fen- 
fible  membranes  of  the  air-veffels  in  the  lungs, 
may  become  troublefome,  both  by  its  quantity 
and  acrimony  j it  has  been  even  known  to 
caufe  fuffocation  in  a dropfy  of  the  lungs. 
Therefore  its  quantity,  adhefion  or  acrimony 
excites  a cough  ; namely,  an  irritation  of  the 
refpirative  fyflem,  by  alternate  large  inspira- 
tions, fucceeded  by  large  and  quick  expira- 
tions, together  with  fudden  fliocks  of  the  ab- 
dominal mufcles  bv  which  the  mucus,  and 
fometimes  calculous  matters  are  expelled  from 
the  lungs. 

§.  312.  Laughter  differs  from  coughing  in 
its  caufe,  which  refides  commonly  in  the  mind, 
Or,  at  leafl,  confills  in  a certain  titillation  of 
fome  of  the  cutaneous  nerves ; and,  moreover, 
becaufe  it  is  made  up  of  imperfeCt  quick  expi- 
rations through  the  contracted  glottis,  after 
one  large  or  deep  infpiration;  nor  is  the  air 
perfedily  evacuated  from  the  lungs  in  laughter, 
which,  in  a moderate  degree,  conduces  to 
health,  becaufe  to  one  full  infpiration  are  joined 
many  fhaking  expirations,  agitating  the  blood. 

But 
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But  much  of  it  is  in  danger  of  ftagnating  the 
blood,  becaufe  the  expiration  is  not  full  or  en- 
tire, whereby  the  blood  is  admitted  into  the 
pulmonary  artery  without  being  funered  to  pafs 
through  it.  Weeping  has  fhort  refpirations  like 
thofe  of  laughter,  but  fmifhes  with  a deep  expi- 
ration  that  is  immediately  joined  by  a large  inspi- 
ration} whence  it  has  nearly  the  fame  good  and 
bad  effects } and,  when  moderate,  it  conduces  to 
relieve  the  anguifh  a riling  from  grief.  Sneez- 
ing con  fifes  of  one  large  or  dee  p infpiration, 
which  is  followed  immediately  with  a power- 
ful and  hidden  expiration. 

§.  13.  The  additional  or  fecondary  ufes  of 

refpiratlon  are  many.  [It  exhales,  as  an 
emundtory,  parts  redundant,  or  even  noxious 
from,  the  blood,  which,  in  confined  air,  fuf- 
focates.]  it  is  by  this  force,  that  the  abdo- 
men, with  all  its  vifeera,  are  continually  com- 
prefifed ; by  virtue  of  this,  the  fcomach,  inte- 
rlines, gall-bladder,  receptacle  of  the  chyle, 
bladder  of  urine,  inteftinum  redtum,  and  the 
womb  itfelf,  difcharge  their  contents  5 by  this 
adlion  the  aliments  are  principally  ground  or 
diffoived,  and  the  blood  is  urged  thro'  the  flug- 
gifh  veffels  of  the  liver,  fpleen  and  mefentery. 
Moreover,  infpiration  ferves  to  convey  odours 
with  the  air  to  the  organs  of  fmelling.  By  this, 
the  air  is  mixed  with  the  aliments,  which  it 
conduces  very  much  to  break  and  diffolve  to- 
wards a perfedt  digeftion.  But  even  fucking, 
fo  neceflary  and  natural  to  the  new-born  infant, 
is  made  by  the  ufe  of  refpiration,  and  form- 
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ing  an  ample  fpace  in  the  mouth,  in  which 
the  air  is  rarefied,  fo  that,  by  the  greater  pref- 
fure  of  the  outward  air,  the  milk  is  drove  into 
that  part  where  it  is  lefs  refilled.  Lallly,  the 
voice  itfelf  is  owing  to  the  air  which  we 
breathe ; therefore  it  may  be  not  inconvenient 
for  us,  in  this  place,  to  defcribe  it  more  par- 
ticularly. 
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LECTURE  XI. 


Of  the  voice  and  fpeech. 


§.  312.  r | 1 H E principal  organ  of  the  voice 
is  the  larynx ; for  that  being  in- 
jured, the  airpaftes  through  the  wind- pipe  with- 
out yielding  any  found.  By  the  larynx,  we  un- 
derhand an  aftemblage  of  cartilages,  joined  into  a 
hollow  machine  or  pipe,  which  receives  the 
air  from  the  fauces,  and  tranfmits  it  into  the 
wind-pipe,  having  its  parts  connected  together 
by  ligaments  and  mufcular  fibres.  Among 
thefe  cartilages  of  the  larger  kind,  thofe, 
called  the  anular  and  fcutiform,  are,  in 
adults,  frequently  changed  into  bone.  The 
anterior  and  larger  part  of  this  larynx,  which 
lies  almoft  immediately  next  to  the  fkin,  is 
compofed  of  two  cartilages,  one  called  thy- 
reoides , the  other  cricoides ; to  which  laft  the 
lateral  parts  of  the  larynx  are  fo  joined,  that 
the  portions  are  always  fo  much  larger, 
as  they  are  higher  feated.  The  back  part 
of  the  larynx  is  fir  ft  made  up  by  the  faid  an- 
nular cartilage,  after  connected  by  the  ary- 
taenoide  mufcles.  The  epiglottis  is  loofely  con- 
nected above  the  larynx  with  the  thyreoide 
cartilage,  in  fuch  a manner,  that  it  may  be  able 
to  rife  up  and  fhut  down.  The  blood  veflels 
of  this  part  are  from  the  upper  thyreoids ; and 
the  nerves,  below,  are  numerous  from  the  recur- 
rents;  as  above  alfo  there  are  nerves  coming  from 
2 the 
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the  eighth  pair  variously  inofculating.  The 
former  of  thefe  nerves  is  remarkably  famous  for 
its  arifing  in  the  thorax,  and  being  afterwards 
indexed  round  the  aorta  and  right  fubciavian ; 
and  for  the  origin,  which  it  gives  to  fome  of 
the  nerves  of  the  heart,  as  well  as  for  the  ex- 
periment, by  which  a ligature  upon  the  recur- 
rent is  found  to  render  the  voice  infonorous. 

§.  313.  All  thefe  cartilages  are  connected 
together  by  various  mufcles  and  ligaments,  with 
a certain  degree  of  firmnefs  to  the  adjacent 
parts ; and  yet  fo,  that  the  whole  is  eafily 
moveable  together,  as  are  alfo  its  feveral  parts 
upon  each  other,  i artieularly  the  Jcutiform  car- 
tilage, or  the  thyroidea  anterior,  compofed  of 
two  plates,-  which  are  almofr  quadrangular, 
are  inclined  to  each  other  in  an  obtufe  angle, 
which  is  foremoil:.  Upon  thefe  cartilaginous 
plates,  are  fometime-  found  two  apertures,  one 
on  each  fide  for  the  blood  veiTels  ot  the  larynx ; 
but  are  not  very  often  to  be  obferved.  The 
upper  proedfes  of  this  cartilage,  terminating 
without  any  protuberance,  are  inclined  upward 
and  backward  to  their  connedicn  with  the 
horns  of  the  os  hyoides  by  llrong  ligaments. 
"1  he  lower  parts  of  thefe  cartilages  are  ihorter, 
and  adapted  aim  oft  with  a fiat  iurface  to  thofe 
of  the  cricoide  cartilage,  to  which  they  are 
conceded  with  a very  firm  articulation,  by  a 
fierong  and  fhort  cellular  lubftance,  uniting 
them  on  each  fide.  The  middle  parts  betore, 
being  perforated  with  llrong  ligaments,  are 
conceded  by  the  infertion  of  them  to  the  mid- 
dle of  the  anular  cartilage  j and  likewife  by 

other 
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other  ligaments  above,  defcending  from  the 
horn  of  the  fcutiform  cartilage  into  the  upper 
part  of  the  anular  cartilage. 

§.  3 14.  The  cricoide  cartilage  is  before  thick, 
and  ftrong  increafed  backward  ; ’tis  in  form  of 
a ring  unequally  truncated  or  cut  through,  and 
in  its  middle  part  is  divided  into  two  cavities  by 
a protuberant  line.  This  is  firmer  than  the 
reft  of  the  cartilages,  and,  in  a manner,  the 
foundation  of  them  ; from  this  there  are  longi- 
tudinal mufcular  fibres  and  ligaments,  which  de- 
ice nd  into  the  wind-pipe  (§.  266  ).  The  pha- 
rynx likewife  is  connected  to  the  furface  of 
thefe  cartilages  by  many  mufcular  plates,  and 
receives  the  larynx  as  it  were  into  its  bag. 

§.  31 5.  The  two  arytsenoide  cartilages  are  of 
a very  complex  figure,  fpontaneoufly  dividing 
into  two  parts  ; of  which  the  lower  is  larger, 
arid  is  connected  by  a moveable  juncture  with 
the  protuberant  cricoide  cartilage,  by  a bafis 
moderately  hollow.  They  afcend  upwards,  of 
a triangular  figure,  with  the  pofterior  angle 
hollow,  the  anterior  convex,  divided  by  three 
furrows  or  fulcq  and  extenuated  upwards,  ’till 
they  are,  at  laft,  finifhed  or  terminated  by  a 
pretty  thick,  oval,  cartilaginous  head  fixed  on 
them.  The  lower  part  of  thefe  cartilages  are 
connected  by  numerous  mufcular  fibres,  partly 
tranfverfe  and  partly  oblique,  of  which  the 
different  directions  are  vifible  enough,  but  the 
reparation  of  them  impracticable.  Thefe  are 
called  arytsenoide  mufcles.  In  the  upper  part 
the  arytsenoide  cartilage  departs  from  its  com- 
panion or  fellow  cartilage,  leaving  a rima  or 

cleft 
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deft  perpendicularly  betwixt  them,  which  has 
been  (not  very  properly)  by  fome  called  the 
glottis. 

§.  316.  The  arytenoide  cartilages  are  con- 
nected with  the  thyreoideals,  by  tranfverfe  liga- 
ments fufficiently  flrong  and  elaftic,  but  co- 
vered with  the  common  mucous  membrane  of 
the  larynx,  which  ligaments  are  inferted  into 
the  fiat  angle  of  the  thyreoide  cartilage  (§.  313.) 
Thefe  ligaments  may  be  drawn  out  or  ftretched 
from  each  other  by  removing  the  contad  of 
their  arytsenoide  cartilages,  and  may  be  again 
conjoined  together  by  placing  the  cartilages  one 
to  another ; and  this  is  the  true  glottis,  which 
is  continuous  with  the  faid  rima  (§.31  5.),  but 
at  a right  angle. 

§.  317.  From  the  fame  angle  of  the  thyroide 
cartilage,  under  a notch,  from  a firm  ligament 
is  extended  backwards  a hollow,  and  fome- 
what  oval  cartilage,  in  its  fore -part  con- 
vex, behind  concave,  and  railed  up  in  fuch  a 
manner,  by  its  elafticity,  as  to  projed  confider- 
ably  behind  the  tongue ; but  is  fo  flexible  or 
inclinable  downward,  whenever  the  root  of  the 
tongue  is  prefled  backward,  that,  by  its  tranf- 
verfe polition,  it  flints  up  ail  paflage  into  the 
larynx,  and  delends  it  in  fuch  a manner,  that 
whatever  is  contained  betwixt  this  part,  called 
the  epiglottis,  and  the  aryrasnoide  cartilages, 
pafles  over  downward  into  the  pharynx.  The 
epiglottis  is  conjoined  to  the  tongue  by  pale 
membranous  fibres,  and  to  the  os  hyoiodes  it 
is  conneded  by  many  membranous  expanfions. 
But  as  for  mulcular  fibres  from  the  thyreo-ary- 
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taenoidal  mufcles  and  from  the  ary-arytaenoidal 
mufcles,  it  has  either  none  at  alii,  or  elfe  fuch 
as  are  too  minute  to  have  any  effect  upon  its 
elafticity. 

§.  318.  By  the  fides  of  the  ligarnents  of  the 
glottis  (§.  316.),  there  are  two  other  upper  and 
fofter  ligaments,  which  go  out  parallel  from 
the  arytaenoide  cartilage  to  the  fcutiform  one, 
which  ligaments  are  fomewhat  lefs  tendinous 
and  lefs  elaftic.  Betwixt  thefe  two  ligaments, 
on  each  fide  (§.  318,  316.)  a peculiar  cavity 
or  ventricle  delcends,  having  the  figure  of  a 
comprefled  parabolic  finus  extended  downward 
betwixt  the  double  membrane  of  the  larynx, 
opening  confiantiy  with  an  elliptical  mouth  by 
the  fide  of  the  glottis  in  the  larynx. 

§.  319.  Laftly,  all  the  internal  cavity  of  the 
larynx  is  lined  with  the  fame  foft  fenfible  or 
irritable  and  mucous  membrane,  as  we  before 
defcribed  in  the  wind-pipe  (§.  263.).  But  this 
membrane  is  watered  by  a great  number  of 
fmali  glands  here  fituated.  The  uppermofi: 
are  fmali  fimple  glands,  affembled  together  in 
ahe^p  (§.  201.)  feated  on  the  anterior  and  con- 
vex part  of  the  epiglottis,  upon  the  hollow 
furface  of  which  they  fend  out  various  openings, 
fmali  finufies,  and  productions ; and  others  are, 
in  like  manner,  continued  there  in  fmali  hard 
acini  or  bunches.  Moreover,  upon  the  hollow 
anterior  furface  and  back  of  the  arytaenoide 
cartilages  (§.  3 1 5*)^  are  fmali  glandules 

placed  on  each  fide  of  a loofe  conglomerate  fa- 
bric, compofed  of  little  round  acini  or  heaps, 
almoft  of  a triangular  fhape,  and  are,  doubc- 
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lefs,  muciferous,  having  fome  of  their  loofer 
parts  extended  on  each  fide  as  low  as  the  anu- 
lar  cartilage.  In  the  cavity  of  the  ventricles, 
there  are  many  fmall  mucous  glandules ; and 
laftly,  all  the  internal  furface  of  the  larynx  is 
full  of  large  mucous  pores  All  thefe  glan- 
dules feparate  a thin  watry  mucus,  which  yet 
has  a confiderable  degree  of  vifcidity. 

§.  320  Perhaps  the  thyroeide  glandule  has  a 
like  life.  It  is  of  the  conglomerate  kind,  but  foft 
and  lobular,  with  many  coverings  confider- 
ably  large  or  broad  in  its  extent,  but  of  a more 
tender  fubftance  than  the  falival  glands,  ltattd 
upon  the  thyroeide  cartilage,  and  in  part  upon 
the  cricoide  cartilage  and  wind-pipe,  along  their 
fore  part,  fo  as  to  incompafs  the  lateral  horns 
and  fides  of  the  thyroeides ; but  afcending  up- 
wards by  a very  thin  procefs  before,  in  its  mid- 
dle part,  as  far  as  the  os  hyoides.  This  gland 
is  full  of  a ferous,  yellowifh,  and  fome  what 
vifcid  humour;  but  whether  it  emits  the  fame 
into  the  wind-pipe  or  into  the  gula,  is  not  yet 
determined  ; at  lcafc,  there  are  no  dudts  cer- 
tainly known  to  open  into  either  of  them. 
Whether  or  no  the  juices  are  altogether  re- 
tained in  this  gland,  and  afterwards  poured  in- 
to the  veins,  in  a manner  refembling  the  fabric 
of  the  thymus,  or  whether  it  is  of  the  conglo- 
bate or  iymphatic  kind,  is  uncertain.  Yet, 
that  the  ufe  of  this  gland  is  very  confiderable, 
may  appear  from  the  largenefs  of  the  arteries, 
which  it  receives  from  the  carotids  and  lower 
fubclavians.  The  veins  thereof  return  their 
blood  into  the  jugulars  and  fubclavians.  It  has 
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peculiar  mufcle,  not  conftantly  to  be  found,  ari- 
fing  from  the  edge  of  the  os  hyoides,  and 
fometimes  from  the  lower  margin  to  the  left  of 
the  thyroeide  cartilage,  which  defcends  without 
a fellow,  fpreading  its  tendinous  fibres  over 
the  gland.  Upon  which  alfo  the  fternohyoidei 
and  llernothyoeridei  mufcles  are  likewife  fpread 
or  incumbent. 

§.  321.  The  whole  larynx,  together  with 
the  conjoined  os  hyoides,  is  capable  of  being 
raifed  confiderably,  at  leaf:  half  an  inch  above 
its  mean  altitude  5 which  elevation  is  performed 
by  the  biventer  mufcles,  together  with  the  ge- 
niohyoidei,  genloglofli,  ftylogloffi,  ftylohyoidei, 
ftylopharyngei,  'thyreopalatini,  hyothyreoidei  j 
all  or  fome  of  which  confpire  together  in  that  ac- 
tion. In  this  elevation  the  glottis  is  prefled  toge- 
ther or  made  narrower,  and  the  ligaments  before- 
mentioned  (§.316.)  approach  nearer  together. 
But  thus,  by  the  affiflance  of  the  addon  of  the 
arytaenoide  mufcles,  together  with  the  oblique 
and  tranfverfe  ones,  the  glottis  may  be  accu- 
rately clofed,  fo  as  to  refill  with  an  incredible 
* 

force  the  preflure  of  the  whole  atmofphere. 

§.  322.  The  fame  larynx  may  be,  in  like 
manner,  deprefled  to  about  half  an  inch  be- 
neath its  ordinary  fituation  by  the  fternohyoidei, 
fternothyreoidei,  and  caracohyoidei,  as  they  are 
called  ; and,  when  thefe  are  in  adion,  alfo  by 
the  joint  force  of  the  anterior  and  pofterior  cri- 
cothyreoidei.  In  this  motion  the  arytaenoide 
cartilages  depart  from  each  other,  and  render 
the  glottis  wider,  which  is  alfo  drawn  open 
laterally  by  the  mufcles  inferted  into  the  fides 
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of  the  arytaenoide  cartilages,  together  with  the 
cricoarytaenoidei  poftici  and  laterales.  The 
thyreo-arytaenoidei,  incumbent  on  thefe  parts, 
may  comprefs  the  ventricles  of  the  larynx 

(§*3l8-)- 

§.323.  Hitherto  we  have  given  the  ana- 
tomy of  thefe  parts,  It  remains,  therefore, 
that  we  demonftrate  what  adtion  the  air  pro- 
duces, when  it  is  driven  by  the  forefaid  powers 
(§.  295.)  from  the  lungs  in  expiration  through 
the  wind-pipe  into  the  larynx,  and  from  them 
urged  out  through  the  glottis  into  the  mouth 
varioufly  configured.  The  confequences  or  ef- 
fects of  this,  are  voice,  fpeech  and  finging. 
And  firft,  the  voice  alone  is  formed,  when 
the  air  is  expelled  with  fo  great  a velocity  thro’ 
the  contracted  glottis,  that  it  fplits  or  makes  a 
collifion  upon  the  glottid  ligaments,  fo  as  to 
put  the  larynx  into  a tremor,  which  tremor  is 
returned  and  continued  or  increafed  by  the 
elafticity  of  thefe  parts.  Sound,  therefore, 
arifes  from  the  conjundt  trembling  of  the  liga- 
ments (§.316.),  together  with  the  cartilages 
of  the  larynx  at  one  and  the  fame  time,  which 
we  then  call  the  voice,  and  is  of  a peculiar  kind 
or  modulation  in  every  fingle  clafs  of  animals, 
depending  entirely  upon  the  difference  of  the 
larynx  and  glottis.  But  when  a trembling  is 
not  excited,  the  expired  air  caufes  a whifper. 

§.  ^24.  The  ftrength  of  the  voice  is  propor- 
tionable to  the  quantity  of  air  blown  through 
the  glottis ; and,  therefore,  a large  pair  of 
lungs,  eafily  dilatable  with  an  ample  larynx 
and  wind-pipe,  joined  with  a powerful  expira- 
3 tion, 


Of  the  Voice  and  Speech.  261 

tion,  all  conduce  to  this  effect.  But  acute  and 
grave  tones  of  the  voice,  we  obferve  to  arife 
from  various  caufes,  The  former  proceeds 
from  a tenfion  and  narrownefs  of  the  glottis, 
and  the  latter  from  a relaxation  and  expanlion 
of  it.  For  thus,  in  the  former,  a greater 
number  of  air-waves  are  fplit  in  the  fame  time 
upon  the  ligaments  of  the  glottis,  whence  the 
tremors,  excited  at  the  fame  time,  are  more  nu- 
merous ; but  when  the  glottis  is  dilated,  the  con- 
trary of  all  this  follows.  Therefore  to  produce 
an  acute  and  fhril  voice,  the  larynx  is  drawn 
up  more  powerfully,  as  the  voice  is  required 
to  be  (harper,  infomuch  that  an  inclination  of 
the  head  forward  is  called  in  to  affift,  by  which 
the  powers  of  the  mufcles,  elevating  the  la- 
rynx, are  rendered  more  full  and  effectual. 
The  truth  of  this  is  confirmed'  by  experience, 
by  applying  the  fingers  to  the  larynx  when  it 
forms  an  acute  found ; for  then  to  raife  the 
voice  an  odtave,  you  will  eafily  perceive  it  to 
afcend  near  half  an  inch : aifo  the  fame  is 
evident  from  comparative  anatomy,  which  de- 
monftrates  the  narrowed  glottis  and  the  clofeil 
approximation  of  cartilages  in  canorous  birds ; 
but  an  ample  or  broad  glottis  in  hoarfe  animals 
and  fuch  as  bellow  or  bleet ; an  inftance  of  this 
we  have  in  whiffling,  where  the  voice  mani- 
feffly  becomes  more  acute  by  a contraction  or 
narrownefs  at  the  mouth : and  likewife  alfo  in 
muficai  inftruments,  in  which  a narrownefs  of 
the  mouth  or  opening  that  expels  the  air,  with 
a celerity  of  the  wind  blown  out,  are  the  caufes 
of  an  acute  of  fhrill  tone. 


§•32  5' 
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§•.  32  5.  Gravity  of  the  voice,  on  the  contrary, 
follows  from  a depreffion  of  the  larynx  by  the 
caufes  (§'323.)  already  defcribed  ; to  which 
add  a broad  glottis  and  a very  ample  larynx. 
This  is  evident  to  the  touch  of  the  finger  ap- 
plied to  the  larynx,  when  a perfon  fings,  by 
which  the  defcent  of  it  is  manifefily  perceived 
to  be  about  half  an  inch  for  every  o&ave  ; 
hence  the  voice  of  males  is  more  grave ; and 
hence  the  lowed  degrees  of  the  voice  degene- 
rate into  a mutenefs  or  whifpering. 

§.  326.  Singing  js  when  the  voice,  modu- 
luated  through  various  degrees  of  acutenefs  and 
gravity,  is  expelled  thro’  the  larynx,  while  it 
is  trembling  and  fufpended  betwixt  two  contrary 
powers;  and  herein  lies  the  principal  difference 
betwixt  the  chanting  of  fimple  notes,  and  the 
expreflion  of  words.  Hence  it  appears  to  be  a 
laborious  adtion,  by  reafon  of  the  continual  con- 
tractions of  the  mufcles,  which  keep  the  larynx 
at  an  equilibrium  ; and  hence  it  is,  thatfinging 
makes  a perfon  hot,  becaufe  in  acute  tones  the  nar- 
rower glottis  much  retards  the  expiration,  while, 
at  the  fame  time,  a great  deal  of  air  is  required 
to  give  flrength  to  the  voice  (§.  -24.);  to- 
wards which  again  deep  infpiratio.ns  are  necef- 
fary.  Hence  likewife  the  wind-pipe  is  ren- 
dered very  dry,  from  the  quicker  paffage  or 
current  of  air,  to  prevent  which  a great  deal 
of  mucus  is  required;  and,  therefore,  it  is, 
that  there  are  fuch  numbers  of  mucous  recep- 
tacles in  the  larynx,  amongft  which,  I am 
firmly  of  opinion,  the  ventricles  before  de- 
fcribed  (§.  318.)  ought  to  be  numbered. 

§•  327- 
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§.  327.  Speech  is  performed  by  the  larynx 
at  reft,  or  held  in  the  fame  place,  in  tones  of 
voice  differing  bat  little  in  acutenefs  and  gra- 
vity;  but  then  the  voice  is  varioufly  changed  or 
modulated  by  the  organs  of  the  mouth.  Ca- 
norous fpeech  has  a variation  in  the  tone  or  ca- 
dence of  the  voice,  together  with  a modula- 
tion of  it  by  the  organs  of  the  mouth  at  the 
fame  time. 

§.  328.  All  fpeech  is  reducible  to  the  pro- 
nunciation of  letters,  which  differ  in  various 
nations ; but  moft  cf  them  are  alike  all 
the  world  over.  Of  thefe,  fome  are  called 
vowels,  which  are  made  only  by  an  expreflion 
of  the  voice  through  the  mouth,  without  any 
application  of  the  tongue  to  certain  parts  of 
the  mouth.  But  confonants  are  formed  by  a 
collifion  of  the  tongue  againft  certain  parts  of 
the  mouth,  lips  and  teeth.  But  to  be  more 
particular  in  thefe  matters  is  betides  our  pur- 
pofe,  which  will  not  permit  us  to  expatiate 
upon  the  beautiful  art  of  pronunciation.  That 
art,  as  am  extraordinary  initance  of  mechanical 
knowledge,  has  fo  accurately  determined  all 
the  corporeal  caufes  concurring  to  each  letter, 
that,  by  infpeddon  only,  with  the  affiftance  of 
touch,  letters  pronounced  are  underftood  with- 
out hearing  them,  and  the  attentive  perfon  is 
thereby  taught  to  imitate  the  fame  fpeech  by  a 
like  ufe  of  the  organs. 

§.  329.  Whether  or  no  all  the  difference  of 
tone  in  the  voice  depends  entirely  upon  the 
length  of  the  ligaments  of  the  glottis,  increafed  by 
the  feutiform  cartilage  drawn  forward,  and  the 
S 4 aryta^ 
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ary  ten  oid  e cartilage  drawn  backward,  in  fuch  a 
manner,  that  the  fharpeft  are  thofe  made  by 
the  ligaments  in  the  greateft  tenfion,  and, 
therefore,  with  a quicker  vibration  ? this  had 
been  advanced  by  the  experiments  of  fome  gen-r 
tlemen  of  note,  and  fince  repeated  by  other 
anatomifts,  [who  judge,  that  the  tenfe  chords  or 
ligaments  of  the  glottis  do,  from  the  air  per- 
flated by  the  wind-pipe,  produce  the  voice  and 
its  feveral  tones  in  animals;  fo  that  greater 
tenflty  and  clofure  of  the  ligaments  yields  a 
more  acute  voice,  as  a laxity  of  them  occaflons 
a,  more  grave  tone  of  the  voice.  T hat  thofe 
ligaments,  drawn  clofe,  fupprefs  the  voice  ; or 
being  half  way  fhut,  and  the  reft  open,  they 
give  a tone  that  is  one  ocftave  higher ; as  a third 
part  of  them,  thus  fhut,  yeilds  a fifth  higher, 
&c.]  I fhall  not  take  upon  me  to  determine 
in  a matter  of  fuch  importance,  that  has  not 
yet  fallen  under  my  examination  experimen- 
tally ; there  are  confiderable  doubts  or  objec- 
tions to  be  made  againft  this  fyftem,  taken 
from  the  cartilaginous  and  bony  glottis,  which 
is  thus  immoveable,  and  in  no  ways  extenlible 
in  birds ; aifo  from  the  voice  becoming  infal- 
libly more  acute  in  whiftling,  merely  by  a con- 
traction of  the  lips  only  ; alfo  from  the  inftance 
of  women,  who  having  a fhorter  larynx  and 
plottis  than  men,  neverthelefs  utter  a more 
fhrill  voice  ; likewife  from  the  experiment,  by 
which  it  appears,  that  the  tone  becomes  more 
acute  by  approximating  the  ligaments  ot  the 
glottis  nearer  together  ; again,  from  the  doubt- 
fulnefs  of  the  credit  upon  which  thofe  new 

experi- 
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experiments  are  publifhed ; from  the  want  of 
a machine  of  any  perfediion  to  draw  the  fcuti- 
form  cartilage  forward;  and  laftly,  from  a 
ftrong  and  evident  fufpicion,  that  the  author 
of  the  experiment  imagined  the  fcutiform  car- 
tilage to  be  drawn  forward,  when  it  was,  in 
truth,  only  elevated.  Therefore  this  invention 
merits  further  enquiry  ; and  as  the  author’s 
laudable  endeavours  are  not  to  be  here  difcou- 
raged  by  a refutation,  fo  neither  are  they  to  be 
haftily  embraced  with  too  much  credulity. 
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LECTURE  XII. 

Of  the  brain. 

§.  33°.  r~E~s‘  H E remaining  a&ions  of  the 
human  body,  we  (hall  confider 
according  to  the  order  by  which  they  receive 
the  blood  from  the  arteries.  The  coronary  ar- 
teries, we  fpoke  of  before,  when  we  gave  the 
hiflory  of  the  heart ; but  next  to  thofe,  the 
carotid  arteries  pafs  out  from  the  aorta. 

§.  331.  The  aorta,  which  comes  out  from 
the  anterior  part  of  the  heart  (§.  128.),  in  or- 
der to  bend  itfelf  towards  the  vertebras  of  the 
thorax,  forms  there  a confiderable  arch,  by 
which  it  is  bent  backward,  and  towards  the 
left,  in  angle  that  is  round  but  not  very  large. 
From  the  convexity  of  this  arch,  three  conli- 
derable  branches  arife,  of  which  the  firft  af- 
cends  towards  the  right  lide,  and  is  imme- 
diately fubdivided  into  two  large  arteries.  The 
lowermoft  goes  on  in  the  direction  of  its  trunk, 
under  the  denomination  of  the  fubclavian. 
The  other  afcends  according  to  the  courfe  of 
the  wind-pipe  to  the  head,  and  is  called  the 
right  carotid.  The  left  carotid  fprings  next, 
a little  inclined  from  the  fame  arch  further  to 
the  left  fide  ; and  the  third,  which  is  (till  more 
inclined  to  that  fide,  is  called  the  left  fubcla- 
vian, which  is  fomething  lefs  than  the  right. 
About  the  origination  of  thefe  arteries,  the 
next  continuous  margin  of  the  aorta  is  a little 
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thicker  and  more  protuberant.  [But  variations 
from  this  courfe  are  obferved  rarely.] 

§.  33?.  The  carotid  artery  commonly  af- 
cends  as  high  as  the  thyreoide  cartilage,  with- 
out fending  off  any  branches,  wrapped  up  to- 
gether with  the  jugular  vein  and  nerve  of  the 
eighth  pair,  in  a thick,  denfe,  cellular  fub- 
ffance.  There,  at  the  faid  cartilage,  it  divides 
into  two  trunks,  one  anterior,  called  the  exter- 
nal carotid,  which  is  rather  larger  and  more  in 
the  direction  of  its  trunk ; and  this  conftantly 
fends  off  a branch  called  thyeoidea , fuperior 
to  the  gland  of  the  fame  name,  to  the  gula, 
to  the  pofterior  and  anterior  mufcles  of  the 
larynx.  This  branch  fometimes  arifes  alfo 
below  the  divifion  of  the  carotid.  The  fame 
external  carotid  fends  off  from  its  inner  fide, 
the  in  defied  arteria  lingualis , and  then  the  la- 
bialis , which,  having  given  branches  to  the 
tonfils,  moveable  palate  and  uvula,  afcends  in 
a ferpentine  courfe  over  the  face  to  the  termi- 
nation at  the  nofe,  and  communicates  by  inof- 
culations  with  the  opthalmic  artery,  and  with 
its  fellow  artery  on  the  other  fide.  From  the 
pofterior  face  of  the  carotid,  the  next  artery 
which  arifes,  is  the  pharypgea  afcendens,  which, 
befides  the  pharyngea  and  branches  to  the 
mufcles  of  the  moveable  palate,  fends  likewife 
a confiderable  branch  in  common  with  the 
perve  of  the  eighth  pair  through  the  foramen 
of  the  jugular  vein  to  the  dura  mater,  very  near 
to  the  great  foramen  of  the  occiput,  and  by 
$he  os  petrofijm  j afterwards  this  artery  divides 

' itfelf 


268  Of  the  Brain. 

itfelf  at  the  cuneiform  procefs  of  the  multi- 
form bone. 

§.  333.  Again,  from  the  outer  edge  of  the  ex- 
ternal carotid,  fprings  the  occipital  artery,  which 
fends  branches  not  only  to  the  mufcles,  which 
give  it  a name,  but  likewife  fends  a branch 
through  a peculiar  foramen  of  the  dura  mater 
in  the  angle,  which  the  os  petrofum  forms  by 
departing  from  the  mamillary  procefs,  which 
artery  is  fpread  through  the  feat  of  the  cere- 
bellum ; another  branch  paffes  over  the  atlas  to 
the  dura  mater  under  or  into  the  fkull ; and  a 
third  fometimes  goes  through  the  foffa  jugularis 
to  the  dura  mater.  The  next  artery,  which  is 
the  auricularis , goes  to  the  back  part  of  the 
ear,  to  the  temple,  and  to  the  membrane  of  the 
tympanum. 

§.  334.  What  remains  of  the  external  caro- 
tid artery,  afcends  through  the  parotid  gland, 
to  which,  having  given  l'ome  branches  as  well 
as  to  the  face  and  eye-lids,  it  fends  -out  the 
temporalis , which  is  a confiderable  luperf.cial 
artery  upon  the  integuments  of  the  bones  of 
the  temples  and  forehead.  The  trunk  of  the 
carotid,  being  inclined,  conceals  itfelf  behind 
the  lower  jaw,  under  the  denomination  of 
maxi  liar  is  interna. 

§.  335.  In  that  place,  it  direftly  fends  off  a 
large  trunk,  which  paffes  to  the  dura  mater 
through  a peculiar  opening  of  the  broad  and 
pteryoide  wings,  feated  at  the  middle  foffa  of 
the  brain  ; from  whence  they  are  largely  lpread 
through  the  temples  and  forehead^  within  the 
dura  mater,  as  far  as  the  falciform  finus.  Some- 
times 
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times  this  artery  is  double,  and  often  gives  out 
a branch,  that  is  confpicuous  to  the  lachrymal 
gland  of  the  eye.  In  the  fame  place  likewife., 
the  maxillary  artery  enters  in,  under  the  root 
of  the  wings  through  the  fphenomaxillary 
fiflure  j whence  afcending,  it  paflfes  by  a three-  . 
fold  trunk  as  far  as  the  upper  part  of  the  nares, 
where  it  is  fpent,  after  having  given  off  the 
branches  called  maxillaris  inferior,  and  the  fupe- 
rior  to  the  teeth,  with  the  infra  orbitalis,  to  part 
of  the  face  and  eye-lids,  and  the  palatina  to 
the  bone  of  the  palate,  with  fmall  branches  to 
the  dura  mater,  and  others  through  the  fmaller 
pores  of  the  great  wings,  with  fuch  as  accom- 
pany the  third  and  fecond  branch  of  the  fifth 
pair  of  nerves ; and  laftly,  together  with  the 
dura  mater  filling  up  the  lower  orbital  fiflure. 

§.  336.  But  the  other  pofterior  trunk,  com- 
monly called  the  i?iternal  carotid  (§.  332.)afcends 
without  a branch.  This  artery,  having  firfl 
made  a confiderable  ferpentine  flexure,  enters 
through  a peculiar  foramen  in  the  os  petrofum, 
where  it  is  iurrounded  with  a capfule  from  the 
dura  mater,  like  that  which  comes  out  through 
all  the  openings  of  the  fkull ; from  thence  it 
afcends  upwards  and  inclined  forwards,  ’till, 
having  penetrated  into  the  cavity  of  the  fkull, 
it  rifes  up  infledted  and  in  a curvature,  accord- 
ing to  the  direction  of  the  fella  equina,  in  the 
middle  of  which,  there  is  a cavernus  or  hollow 
finus,  retarding  the  blood  ■ from  thence,  hav- 
ing given  fmall  branches  to  the  fifth  pair  of 
nerves,  it  fends  others  to  the  infundibilum  and 
dura  mater,  with  one  larger  to  the  eye,  part 
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whereof  returns  again  through  a peculiar  hole 
into  the  dura  mater,  which  lies  upon  the  mid- 
dle of  the  orbit. 

§.  337*  But  the  trunk  of  this  internal  caro- 
tid, paffing  over  the  anterior  part  of  the  fella 
equina,  is  incurvated  backward,  and  being  re- 
ceived by  the  arachnoide  membrane,  giving 
branches  to  the  pons  and  crura  of  the  brain, 
with  a circle  to  the  choroide  plexus,  and  one 
that  accompanies  the  optic  nerve,  it  then  di- 
vides into  an  anterior  and  pofterior  branch. 
The  former,  being  conjoined  with  its  fellow 
artery  of  the  other  fide  by  a Ihort  inofculating 
branch,  which  fometimes  fprings  from  the 
trunk  itfelf,  is  then  incurvated  backward  and 
upward,  according  to  the  direction  of  the  os 
callofum,  and  fpreads  itfelf  about  the  middle 
part  of  the  brain.  The  latter  or  pofterior  di- 
vifion  of  the  carotid,  being  conjoined  by  a fmall 
inofculating  branch  with  the  vertebral  artery, 
afterwards  afcends  a long  way  upon  the  fide  of 
the  brain  through  the  Sylvian  fofla.  All  the 
branches  of  the  carotid,  contained  within  the 
fkull,  are  made  up  of  more  thin,  folid  and 
brittle  membranes  than  the  other  arteries  of  the 
body. 

§.  338.  But  the  vertebral  artery,  commonly 
arifing  from  the  fubclavian  of  the  fame  fide, 
thou  eh  the  left  has  been  fometimes  feen  to 
fpring  from  the  trunk  of  the  aorta,  pafles  on 
without  giving  branches  through  a place  of  fe- 
curity,  ’till  it  enters  a foramen  in  the  tranfverfe 
procefs  of  the  fixth  vertebras  of  the  neck,  af- 
ter which  it  continues  with  alternate  flexures 
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to  afcend  through  the  oblique  proceffcs  of  the 
other  vertebras  of  the  neck ; from  whence,  at 
each  interval,  it  fends  off  fmaller  branches  to  the 
mufcles  of  the  neck,  and  communicates  with 
the  lower  thyreoideal ; other  branches  again 
fomewhat  larger  go  from  it  backward,  together 
with  each  of  the  nerves,  to  the  pia  mater  of ' 
the  fpinal  medulla  ; but  before,  the  branches  are 
larger  though  lefs  numerous,  to  the  fame  fpi— 
nal  medulla,  and  communicate  by  an  anaflo- 
molis,  with  its  fpinal  artery  anteriorly.  Laftly, 
growing  lefs  about  the  iecond  vertebra,  and 
being  infledted  wdth  a large  curvature  round 
the  tranfverfe  procefs  of  the  firft  vertebra,  it 
there  fends  off  confiderable  branches  to  two  of 
the  mufcles  of  the  neck  ; alfo  fmail  branches  it 
fends  off  in  its  courfe  through  the  great  fora- 
men of  the  occiput  or  fkull  to  the  dura  mater, 
which  lines  it,  and  the  adjacent  cavities  that 
contain  the  cerebellum  5 after  which,  it  goes 
on  through  the  faid  foramen  into  the  cavity  of 
the  fkull.  1 here  afeending,  according  to  the 
courfe  of  the  medulla  oblongata,  the  right 
trunk,  by  degrees,  approaches  nearer  to  the 
left,  and  is  conjoined  together  with  it  (in  an 
extraordinary  manner,  hardly  to  be  found  in 
other  parts)  into  an  artery  called  the  bajilaris , 
which  is  fufpended  in  the  pia  mater  all  along 
under  the  pons  Varolei.  From  the  vertebral 
arteries,  before  they  are  conjoined  together, 
pafs  out  branches,  which  go  to  the  lower  lur- 
face  of  the  cerebellum,  and  are  deeply  inferted 
under  the  fourth  ventricle  to  the  inner  fub- 
ftance  of  the  cerebellum.  Thefe  are  the 
2 branches 
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branches  Tent  off  by  the  fpinal  arteries.  But 
there  are  fome  inftances  where  they  arife  con- 
jundly  from  a Angle  trunk  j and  then  the  next 
artery,  which  it  fends  off,  is  the  bafilaris : but 
befides  branches  to  the  medulla  oblongata  and 
crura  of  the  brain,  it  gives  firft  the  lower  ar- 
teries' of  the  cerebellum,  then  the  upper  and 
fuperficial  ones,  with  fmall  branches,  to  the 
fore  part  of  the  fourth  ventricle.  Amongft 
the  forefaid  branches  alfo  arifes  an  artery,  which 
accompanies  the  auditory  nerve.  Finally,  the 
bafilaris,  at  the  fore-part  of  the  pons,  divides 
into  two  branches,  each  of  which  communi- 
cates with  the  pofterior  branch  of  the  carotid, 
and  goes  partly  to  the  pofterior  lobe  of  the 
brain,  partly  to  the  furface  of  the  cerebellum, 
and  in  part  to  the  nates,  teftes  and  upper  por- 
tion of  the  cha'roidal  plexus ; and  in  part  like- 
wife  enters  the  anterior  ventricles  of  the  brain, 
and  goes  along  with  the  lower  portion  of  the 
choroides  to  the  corpora  ftriata,  fornix,  &c. 

§.  339.  From  the  foregoing  hiftory  of  the 
arteries  belonging  to  the  brain,  it  appears,  that 
a very  great  quantity  of  blood  is  in  every  pul- 
fation  fent  to  this  organ,  infomuch  that  it 
makes  above  a fixth  part  of  the  whole  blood, 
that  goes  throughout  the  body,  and  derived 
from  trunks  that  are  very  near  the  heart,  fpring- 
ing  from  the  convexity  of  the  aorta.  From 
hence  it  is  probable,  that  fuch  parts  of  the 
blood  go  to  the  head,  as  are  moft  retentive  of 
motion.  Is  not  this  evident  from  the  effeds  of 
mercurials  exerting  themfelves  almoft  in  the 
head  only  j from  the  fudden  force  and  adion 
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of  Inebriating  fpirits  upon  the  head  ; from  the 
fhort  ftupor  which  camphor  excites ; from 
the  heat,  rednefs  and  fvveat,  which  happen 
oftner  in  the  face  than  other  parts  of  the  bo- 
dy ; to  which  add  the  more  eafy  'erupt on  of 
volatile  and  contagious  puftules  in  the ' face  ? 
The  well-guarded  pafiage  of  thefe  great  and 
important  veflels,  in  their  afcent  to  the  head, 
defends  them  from  any  great  injury*  The  fre- 
quent inofculatiOns  of  one  trunk,  with  the  other 
going  to  the  head,  as  well  as  the  frequent  com- 
munications of  their  branches  among  them- 
felves,  lefien  any  danger  that  might  enfue  from 
obftrudtion.  The  confiderable  flexures  of  the 
vertrebral  and  carotid  artery  ferve  to  moderate 
the  impulfe  of  the  blood  coming  to  the  brain, 
fince  a great  part  of  the  velocity,  which  it 
receives  from  the  heart,  is  thus  fpent  in  chang- 
ing the  figure  of  the  inflections.  To  which 
add,  that  fome  authors  do  not  improperly  ob- 
ferve  the  arteries  here  grow  larger  or  fome- 
what  wider. 

§.  340.  The  hiftory  of  the  brain  defervedly 
begins  from  its  integuments.  Such  a tender 
part  fo  neceflary  to  life,  we  obferve  provi- 
d ntly  furrounded  on  all  fides,  fir  ft  by  afphere 
of  bones,  confifting  of  many  diftinCt  portions ; 
by  which  means  it  is  rendered  extenfible,  at  the 
fame  time  that  it  is  effectually  guarded  againft 
external  preffure.  To  the  internal  furface  of  this 
bony  fphere,  on  all  fides,  grows  a very  ftrong 
membrane,  compofed  of  two  plates  fufficiently 
diftinCt,  which  are  firmly  attached  by  an  infi- 
nite number  of  fmall  veflels,  as  by  fo  many 
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foot-ftal-ks  to  the  whole  furface  of  the  faid 
bones,  fo  as  to  be  no  where  eafily  feparable  in 
a healthy  perfon  ; thefe,  being  very  thin  and 
fmooth,  adhere  lefs  firmly  to  the  bones,  but 
more  ftrongly  to  the  futures,  fo  called  from 
their  figure,  which  join  the  bones  of  the  fkull 
one  to  another.  In  younger  fubjedfs,  the  ad- 
hefion  of  the  dura  mater  to  the  fkull  is  fuch, 
that  the  reparation  of  it  pulls  off  the  fibres  of 
the  bones  to  which  it  is  connected.  In  adults, 
many  of  the  veffels,  which  it  inferts,  being  ef- 
faced, renders  it  more  eafily  feparable  ; yet  it 
is  not  without  fome  force,  even  in  thofe,  that 
the  dura  mater  can  be  feparated  from  the  fkull. 
From  the  rupture  of  thefe  veffels,  which  en- 
ter the  bones  of  the  fkull,  appear  thofe  bloody 
drops,  which  are  obfervable  after  removing  the 
cranium.  Hence  appears  the  vanity  of  all  that 
has  been  advanced  concerning  the  motion  of 
the  dura  mater.  But  for  the  motion,  which  is 
remarked  by  the  writers  of  obfervations  upon 
wounds  in  this  part  j that,  being  preternatural, 
was  the  confequence  of  the  beating  of  the  ar- 
teries, in  a part  where  the  refinance  of  the 
bone  was  now  removed,  while  the  reft  of  the 
dura  mater,  next  to  the  fkull,  fuftained  the 
force  of  the  heart  without  motion.  [Alfo  that 
part,  which  is  properly  the  dura  mater,  has 
neither  nerves,  nor  fenfation  or  irritability.] 

§.  341.  The  cuter  plate  of  the  dura  mater, 
which  adheres  to  the  bones  of  the  fkull,  is  to 
them  inftead  of  a periofteum,  and  fupplied  or 
furnifhed  with  fmall  nerves  and  blood-veffels 
coming  through  all  the  fmall  holes  of  the  fkull  j 
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from  whence,  and  from  its  cohefion  with  the 
perioftia  of  the  head,  fpine  and  whole  body,  it 
has  from  the  Arabians  received  the  name  ma- 
ter. The  internal  plate  of  the  dura  mater  is, 
in  moft  parts,  continuous  with  the  former, 
but,  in  fome  fubjedts,  it  recedes  a little  from 
it,  as  in  the  great  fphenoidal  wings,  and  at  the 
fides  of  the  fella  equina,  where  a good  deal  of 
blood  is  poured  betwixt  them  ; and  they  like- 
wife  recede  thus  upon  the  fella  equina  itfelf: 
the  fame  plate,  having  left  the  outermofl:,  ad- 
hering firmly  to  the  bones  of  the  fkull,  defcends 
doubled  together  to  form  the  falx,  which  arifes 
firft  from  behind 9 the  proceffus  criftae-galli  of 
the  multiform  bone,  afterwards  from  the  crifta 
itfelf,  and  from  the  whole  junctures  of  the 
bones  of  the  forehead  and  the  parietals  j and 
laftly,  it  arifes  from  the  middle  of  the  back 
part  of  the  occipital  bone,  and  growing  broad- 
er backwards,  it  divides  the  hemifpheres  of  the 
brain,  betwixt  which  it  is  placed  ; from  whence 
departing,  it  is  extended  to  the  corpus  callo- 
fum.  That  there  are  fhining  fibres  in  this 
part,  difperfed  towards  the  longitudinal  finus 
from  the  conjun&ioa  of  the  tentorium,  in  the 
fhape  of  branches  and  palm  twigs,  is  certain  j 
but  it  does  not,  therefore  follow,  that  they 
have  any  mufcular  motion  j and  betwixt  thefe 
fibres  frequently  there  is  no  membrane,  only 
natural  foramina*  are  interpofed.  The  falx  is 
both  joined  to,  and  continued  from  the  middle 
tentorium,  which  is  extended  laterally.  In  the 
fame  manner,  with  fome  difference  of  fixa- 
tion, the-  faid  falx  fends  out  a fhort  plate  down- 
T 2 ward. 
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ward,  which  divides  the  cerebellum,  together 
with  the  ftrong  tentoria  or  lateral  productions, 
which,  arifing  from  the  cruciform  protuberance 
of  the  occiput,  are  interpofed  tranfverfely  be- 
twixt the  brain  and  cerebellum,  extended  as  far 
as  the  limits  of  the  os  petrofum,  and  connect- 
ed to  the  anterior  clinoide  procefies,  leaving  an 
oval  aperture  for  the  medulla  oblongata  to  de- 
scend freely.  Thefe  productions  of  the  dura 
mater  ferve  to  prevent  the  parts  of  the  brain 
from  prefling  one  another,  in  all  fituations  and 
poflures  of  the  body  ; and  they  likewife  hinder 
one  part  of  the  brain  from  bruifmg  the  other, 
by  any  fhock  or  concuffion.^  Hence  it  is,  that 
in  the  more  active  quadrupedes,  where  a con- 
cufiion  is  more  likely  to  happen,  the  brain  and 
cerebellum  are  divided  by  a bony  partition. 

342.  In  the  external  furface  of  the  pia 
mater,  not  far  from  the  finus  of  the  falx,  are 
placed  fmall  glandules,  of  which  l'ome  are 
more  hard  and  red  than  others,  feated  in  the 
reticular  texture  of  the  hard  membrane,  look- 
ing towards  the  finus,  to  whofe  cavity  they  are 
oppofed,  in  fuch  a manner,  that  fome  of  them 
are  contiguous  to  the  hollow  of  the  finus ; 
others  are  fo  placed  at  the  inlertion  of  the  larger 
veins  into  the  pia  mater,  that,  together  with 
the  former,  they  make  up  a continued  range  or 
feries;  others  of  them  again  are  loft,  oval, 
and  difpofed  in  heaps  or  affemblages.  But 
the  vapour,  which  exhales  from  the  furface  of 
the  pia  mater,  is  not  feparated  by  thefe  glands, 
for  it  is  every  where  exhaled,  even  into  the 
ventricles,  where  there  are  none  of  tbofe 
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glandules ; and  it  plentifully  tranfpires  every 
where  from  the  mouths  of  the  lead  arteries,  as 
we  fee,  by  experience,  when  water  or  filh- 
glue  are  injedled,  which  fweat  out  through 
every  point  in  the  furface  of  the  dura  mater. 

§.  343.  The  next  covering  of  the  brain, 
which  is  more  clofe  to  it,  exa&ly  refembling 
its  figure,  and  adapting  it  to  that  of  the  hol- 
low fkull,  has  been,  by  lome,  denominated, 
from  its  tenuity,  arachnoides , i.  e.  like  a fpi- 
der’s  web.  This  very  thin  or  tender  membrane, 
being  pellucid  like  water,  every  way  furrounds 
the  brain,  whofe  inequalities  it  climbs  over, 
and,  according  to  its  little  ftrengtb,  ties  together 
with  the  larger  vefiels,  over  which  it  is  fpread, 
in  fuch  a manner,  that  the  faid  vefiels  feem  to 
run  betwixt  the  pia  mater  and  arachnoides; 
which  laft  is,  therefore,  no  part  or  lamella  of 
the  pia  mater,  from  which  it  differs  by  fitua- 
tion,  and  that,  in  a moll  remarkable  manner, 
more  efpecially  on  the  fpinal  medulla. 

§.  344.  The  third  or  innermofi:  covering  of 
the  brain,  which  is  foft  and  cellular,  is  pro- 
perly the  pia  mater.  This  immediately  invefts 
or  furrounds  the  whole  furface  of  the  brain 
on  all  fides,  is  extremely  vafcular,  tender,  and 
fomewliat  of  a cellular  fubftance.  The  cells 
of  which  again  contain  an  infinite  number  of 
mold  minute  vefiels,  which  are,  by  this  cellu- 
lar fabric,  exhibited  like  little  roots  or  bunches 
of  cotton  to  the  brain.  This  defeends  betwixt 
every  furrow  ard  fifiure  of  the  brain  and  ce- 
rebellum, and  even  infinuates  itfelf  into  the 
fpinal  medulla.  This,  being  received  into  the 
T 3 cavi- 
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cavities  of  the  brain,  changes  its  fabric,  fo  as 
to  become  foft  and  almod  of  a medullary  con- 
fidence, more  efpecially  when  the  fubjeft,  that 
comes  under  the  examination  of  the  knife,  has 
lain  dead  fome  confiderable  time,  yet  then  it 
is  able  enough  to  demondrate  the  vedels  them- 
felves  in  its  fabric. 

§.  345,  The  veins  of  the  brain  are  not  dif- 
pofed  in  the  fame  manner  with  thofe  in  other 
parts  of  the  body.  For  neither  have  they  any 
valves,  nor  do  they  run  together  in  company 
with  the  arteries,  nor  have  their  trunks  the 
dructure  which  is  commonly  obferved  in  the 
other  veins.  The  veins,  therefore,  which 
come  out  of  the  innermod  cavities  of  the 
brain,,  thofe  which  are  fpread  upon  the  driated 
bodies,  the  veins  of  the  choroide  plexus,  with 
the  lucid  feptum  and  the  anterior  ventricles, 
are  collected  together  into  trunks,  which,  at 
lad,  meet  in  one  great  vein  or  often  two,  which, 
being  accompanied  with  many  fmall  arteries  of 
the  choroide  plexus,  defcends  backward  to  the 
partition  of  the  brain  and  cerebellum  (§.  342.). 
In  that  place,  it  receives  veins  arifing  from  the 
poderior  and  lower  part  of  the  brain,  and  fome 
of  the  cerebellum,  from  whence  the  blood 
pafies  into  a fin  us,  which  is  a kind  of  vein  in- 
cluded in  a reduplication  of  the  inner  plate  or 
membrane  of  the  brain,  into  which  the  veins, 
to  fhorten  their  length,  are  generally  inferted ; 
and  this  finuous  vein  generally  defcends  to  the 
greater  finus  on  the  left  dde,  though  fometimes 
it  ends  bifurcated,  one  branch  on  each  lide. 
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§.  346.  The  upper  and  fuperficial  veins  of 
the  brain  are  large,  and  fpread  in  the  windings, 
with  which  the  brain  on  all  fides  abounds. 
With  thofe  veins,  through  the  whole  furface  of 
the  brain,  are  inferted  other  veins  of  the  dura 
mater 3 and  others,  which  enter  by  peculiar 
orifices,  into  the  falciform  finus.  From  thence 
the  veins,  gradually  collected  together,  pafs 
along  moft  of  them  forward,  fome  few  of 
them  in  a drait  direction,  and  others  back- 
wards, of  which  thofe  forward  are  the  larged, 
and  open  themfelves  by  finufles  obliquely  cut 
off  into  thelo fakfoi  m finus,  which  is  form- 
ed by  the  right  and  left  plate  of  the  internal 
membrane  of  the  dura  mater,  which  meet  to- 
gether below  upon  the  upper  part  of  the  back 
of  the  falx.  From  thence  it  is  of  a triangular 
figure,  convex  in  its  upper  fide,  beginning  with 
a dender  origin  at  the  feat  of  the  foramen  cre- 
cum,  that  is  placed  above  the  cridagalli 3 from 
whence  it  afcends  and  follows  in  the  courfe  of 
the  falx,  until  that  joins  the  tentorium  3 it  is 
generally  inclined  to  the  right  fide,  and  takes  the 
name  of  t he  light  tranfverfe  finus,  which  then 
goes  by  a peculiar  channel  in  the  occipital 
and  temporal  bone,  tranfverfely  to  its  incurva- 
tion at  the  opening  of  the  jugular  vein  3 in 
which  place,  being  much  enlarged,  it  receives 
the  lower  finus  petrofus,  together  with  the  oc- 
cipital ones,  which  are  hereby  difcharged  into 
the  jugular  vein.  But  the  left  tranfverfe  finus 
refembles  the  former,  and  is  like  that  conveved 
m a limilar  courfe  to  the  jugular  vein,  into 
which  it  is  rather  inferted  on  the  right  fide  than 
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confirmed,  as  it  were,  in  a trunk.  Into  the 
faid  longitudinal  finus,  the  fourth  finus  (§.  345.) 
together  with  the  occipital  finus,  ufually  infeA 
themfelves.  But  there  are  fome  inftances> 
where  all  thefe  are  difpofed,  in  a different 
manner,  by  an  infection  of  the  longitudinal, 
into  the  left  tranfverfe  finus  j and  then  the  right 
tranfverfe  finus  receives  the  fourth  and  the  oc- 
cipital one.  At  other  times  they  are  equally 
divided  into  two  tranfverfe  trunks ; and  fome- 
times  the  middle  finus  joins  the  tranfverfe  ones. 

§.  347.  There  is  a (lender  and  rounder  finus, 
which  runs  along  the  lower  and  thicker  mar- 
gin of  the  falx,  fomewhat  of  an  irregular 
figure,  receiving  veins  from  the  falx  itfelf,  and 
communicating  likewife  with  the  upper  finus  ; 
it  alfo  receives  veins  from  the  adjacent  hemi- 
fpheres  of  the  brain,  and  from  the  corpus  caU 
lofum.  Where  the  tentorium  joins  with  the 
fore-part  of  the  falx,  this  is  commonly  there 
inferted,  into  the  fourth  finus. 

§ 348.  The  lower  veins  of  the  brain,  which 
lie  next  to  the  bafis  of  the  fkull,  are  varioufly 
inferted.  The  foremofi:  of  them  coming  from 
the  foffa  Sylviana,  collected  together  into  fome 
trunks,  are  inferted  into  the  cavernous  finus  or 
triangular  interval,  that  lies  at  the  fide  of  the 
fella  equina,  betwixt  the  external  and  internal 
plate  of  the  dura  mater.  Other  veins,  from 
the  pons  itfelf,  lead  into  the  upper  finus  petro- 
fus.  Other  pofterior  veins,  which  come  from 
the  pofierior  lobes  of  the  brain,  are  inferted 
in  great  numbers  into  the  tranfverfe  finus  that 
is  feated  within  the  tentorium. 
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349.  The  upper  veins  of  the  cerebellum, 
meeting  together  in  large  trunks,  partly  open 
themfelves  into  the  fourth  finus,  and  in  part 
into  the  tranfverfe  finus.  The  lower  veins,  from 
the  cerebellum  and  medulla  oblongata,  infert 
themfelves  into  the  upper  finus  petrofus. 

§.  350.  There  are  (till  many  fmall  finufles, 
befides  thofe  before-mentioned.  The  moft  an- 
terior of  them,  which  is  commonly  like  a circle, 
is  larger  behind  than  in  its  fore-part,  which  is 
flenderer,  and  furrounds  the  pituitary  glandule 
betwixt  the  clinoide  procefles,  communicating 
with  the  cavernous  and  with  the  lower  petrofe 
finufles  ; likewife  communicating  betwixt  thofe 
procefles  and  the  carotid  of  nerves,  artery,  and 
again  by  the  way  of  the  fixth  pair,  with  the 
upper  petrofe  finufles  behind  the  fifth  nerve. 
There  are  fome  inflances,  where  this  finus  re- 
ceives the  ophthalmic  vein  ; and  fometimes  the 
tranfverfe,  joining  to  the  cavernous  finus,  fup- 
plies  the  place  of  this  circular  finus,  or  elfe  is 
prefent  with  it  at  the  fame  time. 

§.  331.  The  upper  petrofe  finus  is  conveyed 
backwards  in  a cavity  of  the  os  petrofum,  and 
takes  its  origin  from  the  extremity  of  the  an- 
terior fulcus  of  the  os  petrofum,  where  it  com- 
municates with  the  cavernous  finus,  and  re- 
ceives the  infertions  of  the  veins  of  the  dura 
mater,  and  fometimes  of  the  anterior  veins  of 
the  brain  itfelf,  mentioned  before  (§.  348.); 
then  it  is  inferted  into  the  angle  of  the  tranfverfe 
finus,  where  it  begins  to  be  bent.  Another 
vein  likewife  defcending  down  through  the  os 
petrofum,  is,  in  like  manner,  inferted  into 
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the  angle  of  the  tranverfe  fmus.  The  low- 
er finus  petrofus , which  is  larger,  goes  round 
the  root  of  the  bone  of  this  name,  and  com- 
municates with  its  fellow  behind  the  clinoide 
procefs ; alfo  twice  it  communicates  with  the 
cavernous  finus  and  with  the  upper  finus,  and 
is  conjoined  under  the  nerve  of  the  fifth  pair, 
being  finally  inferted  into  the  jugular  folia  or 
cavity.  Moreover,  it  receives  fome  veins  from 
the  vertebra.  To  the  fame  outlet  alfo  the 
occipital  films  leads  on  each  fide,  which  being 
pretty  large,  goes  round  the  margin  of  the 
foramen,  ’till,  arriving  at  the  falx  of  the  cere- 
bellum (§.  341.),  it  is  fooner  or  later  inferted, 
together  with  its  fellow,  for  the  moft  part  into 
the  fourth  fmus,  and  with  that  into  the  left 
tranfverfe  one,  or  into  the  longitudinal  finus 
itfelf  j or  laftly,  by  a divided  extremity  into 
each  of  the  tranfverfe  finuffes.  This  finus  re- 
ceives the  lower  and  poflerior  veins  of  the  dura 
mater,  and  fome  others  from  the  vertebra. 

§.  352.  The  anterior  occipital  finus  is  irre- 
gular or  multiform,  partly  tranfverfe  and  partly 
defcending  to  the  great  foramen,  being  varioufly 
conjoined  with  the  lower  petrofe  finuffes ; from 
whence  it  paffes  with  the  nerves  of  the  ninth 
pair,  and  either  communicates  through  a pe- 
culiar foramen  by  emiffaries  into  the  outer  ver- 
tebral vein,  or  other  branches  pafling  out  be- 
low, open  into  the  venal  circles  of  the  fpinai 
medulla.  But  the  cavernous  finuffes  of  the 
dura  mater  (§.  345.),  being  furrounded  with  a 
good  deal  of  cellular  fuftance,  receives,  be- 
fides  the  fore-mentioned  finus  (§.  349,  350!)-, 
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large  veins  already  defcribed,  and  tranfmits 
them  with  peculiar  veins,  together  with  the 
firfi;  and  fecond  nerve,  and  third  branch  of  the 
fifth  pair,  with  a large  artery  of  the  dura  ma- 
ter (§.  335.),  and  the  internal  carotid  (§.  336.); 
alfo  it  fends  out  other  emilfaries  through  a fo- 
ramen, which  is  notconftant  in  the  great  wing, 
which  form  inosculations  with  veins  placed  on 
the  outfide  of  the  fkull  leading  to  the  jugulars, 
and  efpecially  with  the  largeft  pterygoidal  plexus 
of  veins  belonging  to  the  nofe.  The  great 
vein  of  the  dura  mater,  whofe  branches  are  ac- 
companied with  an  artery,  is  often  double  and 
inferted  into  one  of  thofe  emilTaries  which  we 
have  defcribed.  In  the  fame  manner,  the 
veins  of  the  pericranium  pafs  through  Small 
holes  in  the  parietal  bones  into  the  longitudi- 
nal finus,  as  the  occipital  veins  pafs  through 
the  maftoide  hole  into  the  tranfverfe  finus  thro’ 
the  anterior  channel  of  the  occipital  bone,  and 
the  external  vertebral  veins  are  inferted  into  the 
jugular  finus ; and  others  of  the  anterior  occi- 
pital veins,  accompany  the  nerve  of  the  ninth 
pair.  Thus  there  are  an  infinite  number  of 
ways  open  to  the  blood,  by  which  it  may  pafs 
from  the  finulfes,  wherein  it  is  often  collected 
in  too  great  a quantity  ; but,  by  this  mechanifm, 
it  may  efcape  either  on  one  fide  or  the  other, 
according  to  the  different  laxity  and  declivity  of 
the  parts.  [Hence  no  violent  Symptoms  follow 
upon  tying  either  or  both  of  the  jugulars  or 
pther  large  veins.] 

§•  353.  The  great  quantity  of  blood,  which 
goes  to  the  brain,  the  greater  impulfe  with 
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which  it  is  fent  into  the  carotid  arteries  (§.  339.), 
and  the  immunity  of  this  part  from  every  kind 
of  preiTure  by  a ftrong  bony  fence,  joined 
with  the  flower  motion  of  the  blood  through 
the  abdominal  vifcera  and  lower  extremities, 
alfo  the  perpetual  exercife  of  the  brain  and 
fenfes,  do  all  determine  a copious  flux  of 
blood  to  thefe  parts,  and  are  likewife  the  caufes, 
why,  upon  every  increale  of  the  circulation, 
the  head  is  more  particularly  and  furpriflngly 
filled  with  blood.  Hence  it  is,  that  a rednefs 
of  the  face,  a turgefcence  and  fparkling  of  the 
eyes,  with  a pain  and  pulfation  or  throbing  of 
the  arteries  in  the  head,  are  fo  frequently  fol- 
lowed with  a bleeding  at  the  nofe,  by  violent 
exerciies  or  motions  of  the  body.  From  hence, 
therefore,  it  is  evident,  that,  if  the  veins  were 
of  a thin  and  round  firu&ure  in  the  brain, 
they  would  be  unavoidably  in  greater  danger  of 
breaking,  whereby  apoplexies  (to  which,  in 
their  prefent  date,  they  are  often  liable)  would 
be  much  more  frequent.  To  avoid  this,  there- 
fore, nature  has  given  a different  figure  to  the 
veins  which  carry  out  the  blood  from  the 
brain,  by  which  they  are  more  eafily  and  large- 
ly dilatable,  becaufe  they  make  an  unequal  re- 
fiftance  ; their  texture  is  likewife  very  firm,  and 
more  difficultly  broken,  efpecially  in  the  larger 
finufles,  which  perform  the  office  of  trunks ; 
for  as  to  the  finufles  of  the  lefler  fort,  they  are 
either  round,  half  cylindrical,  or  of  an  irre- 
gular figure.  Befides  this,  nature  has  guarded 
the  finufles  by  crofs-beams,  internally  made  of 
ftrong  membranes,  and  detached  from  the  right 
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to  the  left  fide  within  the  finus,  which,  in 
greater  difienfions,  they  draw  towards  a more 
acute  angle,  which  is  capable  of  a larger  dila- 
tation, ftrengthening  and  guarding  it  from  a 
rupture  at  the  fame  time.  She  has  likewife,  in 
thefe  veins,  provided  numberlefs  inofculations, 
by  which  they  open  mutually  one  into  another, 
and  openly  communicate  with  the  external 
vefifels  of  the  head  and  with  tbofe  of  the  fpinal 
medulla,  by  which  means  they  are  capable  of 
freeing  themfelves  more  eafily,  whenever  they 
are  overcharged  with  blood,  (§.  352.). 

§.  354.  It  is  by  fome  queried,  whether  a 
part  of  the  arterial  blood  is  not  poured  into  the 
finufies  of  the  brain  ? and  whether  tfaey  have 
not  a pulfation  excited  from  that  blood  ? that 
they  have  no  pulfation  is  pafi:  doubt,  becaufe 
the  dura  mater  every  way  adheres  firmly  to 
the  fkull,  but  much  more  firmly  in  thofe  parts, 
which  are  the  feats  of  the  finufies.  Indeed  they 
receive  liquors  injedted  by  the  arteries ; but 
whether  thofe  tranfude  through  the  fmall  ex- 
haling arterial  velfels,  or  whether  they  firfi: 
make  a compleat  circle  through  the  veins,  as 
is  moft  probable,  we  are  not  yet  furnifhed  with 
experiments  enough  to  determine. 

§•  355'  Thus  all  the  blood  of  the  brain  or 
encephalon  is  finally  conveyed  into  the  jugular 
veins,  which  are  very  dilatable,  and,  for  that  rea- 
fon,  guarded  with  valves  to  prevent  a return  of 
the  venal  blood  from  the  right  auricle,  being,  at 
the  fame  time,  furrounded  with  a good  deal  of 
cellular  fubftance.  For  as  to  the  blood,  which 
goes  to  the  head  by  the  vertebral  veins,  it  is  a 
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very  inconsiderable  quantity ; but  the  ample 
jugulars  anfwer,  in  fuch  a manner,  to  the 
great  upper  vena  cava,  in  a diredt  courfe,  that 
they  afford  the  high  way  for  the  blood  to  re- 
turn back  to  the  heart. 

§.356.  Whether  or  no  there  are  lymphatic 
veflels  to  be  feen  in  the  brajn,  is  by  fome  ques- 
tioned ? Indeed  we  read  defcriptions  of  them 
in  the  pia  mater,  and  in  the  larger  choroidal 
plexus ; but,  for  my  own  part,  I have  never 
been  able  to  fee  them,  and  poffibly  there  are 
none  to  be  feen,  fince  there  are  no  conglobate 
or  lymphatic  glands  in  the  brain,  which  are 
always  near  at  hand,  wherever  any  of  thefe 
veffels  are  to  be  found.  As  for  the  various  ac- 
counts, ^hich  are  given  of  the  pituitary  glan- 
dule, of  the  infundibulum,  and  of  the  dudts, 
which  lead  from  thence  into  the  veins  of  the 
head,  abforbing  and  tranfmitting  a water  from 
the  ventricles  of  the  brain;  they  are  not  Sup- 
ported by  anatomical  experiments,  which  make 
it  more  probable,  that  the  vapour,  which  is  fe- 
creted  into  the  ventricles  of  a healthy  perfon, 
is,  in  like  proportion,  abforbed  again  by  the 
^inhaling  veins,  or  if  any  part  abounds,  that 
defcends  through  the  bottom  of  the  ventricles 
to  the  balls  of  the  Skull,  and  from  thence  into 
the  ioofe  cavity  of  the  fpinal  medulla.  That 
this  is  the  cafe,  appears  from  palfies,  which 
enfue  on  one  fide  of  the  body  after  apoplexies; 
and  from  the  bifide  fpines  or  watry  tumours  in 
the  lower  part  of  the  fpinal  medulla,  follow- 
ing in  thofe  who  have  an  hydrocephalus.  Eut 
the  faid  pituitary  glandule  receives  into  itfelf  a 
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ftrong  medullary  cone,  which  yet  is  inferted 
ioft  and  very  much  like  the  cortical  fubftance 
of  the  brain,  more  efpecially  in  its  pofterior 
appendix,  which  is  extended  to  the  poflerior 
clinoide  proceiTes ; but  it  is  neither  of  any  cer- 
tain or  known  ule,  nor  like  unto  any  glandule, 
with  which  we  are  acquainted. 

§.  357.  It  now  remains  for  us  to  fpeak  of 
the  encephalon  itfelf.  But  many  are  the  parts 
included  under  this  general  denomination.  By 
the  brain , properly  fo  called,  we  underftand 
that  upper  and  foft  vifcus,  which  is  contained 
in  the  fkull,  and  which  is  lodged  by  itfelf  in 
its  fore- part,  but  backward  ’tis  incumbent  over 
another  confiderable  part,  called  the  cerebellum , 
which  lies  in  the  pofterior  and  lower  cavities  of 
the  occipital  bone,  under  the  membranous  ten- 
torium, which  parts  it  from  the  brain,  whofe 
lower,  middle  and  white  portion,  defcending 
before  the  cerebellum,  is,  in  part,  called  the 
pons,  and,  in  part,  the  medulla  oblongata. 

§.  358.  The  figure  of  the  brain  refembles 
that  of  half  an  egg,  which  is  deeply  divided 
longitudinally,  but  not  cut  through  above  half 
way.  Both  the  upper  and  lower  furfaces  are 
full  of  many  gyri  or  convolutions,  which  pretty 
deeply  cut  or  divide  the  brain  with  round  ends 
©r  angles  into  undulated  portions.  Upon  the 
furface  of  the  faid  lobules  or  portions  lies  the 
cortex , extremely  foft  and  inclined  from  a yel- 
low or  red  to  a grey  or  afh  colour,  being  the 
moft  tender  of  all  parts  in  the  human  body  : 
this  inwardly  is  filled  with  the  medullay  which 
- is  almoft  perfectly  white,  except  that,  in  many 
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places,  it  is  perforated  by  red  arteries,  which 
are  more  fimple  and  perpendicular,  or  flraight, 
than  in  other  parts.  This  medulla  is  more  folid 
and  more  capable  of  fuflaining  its  figure,  not- 
withflanding  it  is  very  foft,  and  abounds  in  a 
greater  quantity  than  that  of  the  cortex.  The 
greater  poflerior  branch  of  the  carotid  artery 
(§•  337*)  divides  the  right  and  afterwards 

the  left  hemifphere  of  the  brain  into  an  ante- 
rior lobe,  which  is  the  larger,  and  a poflerior 
lobe,  which  is  the  lefs. 

§.  359.  The  fabric  of  the  cortex  has  been  a 
long  time  controverted  ; but  it  is  now  Efficiently 
evident,  from  anatomical  injections,  that  much 
the  greater  part  of  it  confifls  of  mere  veffels, 
"which  are  every  way  inferted  from  the  fmall 
branches  of  the  pia  mater,  detached  like  little 
roots  into  the  cortical  fubflance,  and  conveying 
a juice  much  thinner  than  blood  in  their  natural 
flate,  although,  in  fome  difeafes  and  by  (Wang- 
ling, they  often  receive  even  the  red  parts  of 
the  blood,  more  elpecially  in  brutes  and  birds. 
The  remaining  part  of  the  cortex,  which  is  not 
filled  by  any  injedion,  is  either  an  affemblage 
of  veins,  or  of  yet  fmaller  veffels ; for  no 
other  diffimilar  parts  are  apparent  in  the  cor- 
tex, whilft  it  is  in  an  entire  or  natural  flate  j 
from  whence  one  may  conjedure  fome  part  of 
it  to  be  tubular,  and  the  other  part  folid.  As  to 
glandules  making  the  fabric  of  the  brain,  that 
notion  has  been  difcarded  by  univerfal  confent ; 
nor  indeed  has  there  been  any  other  opinion 
received  with  lefs  probability  than  this. 
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§.  360.  In  order  to  gain  a knowledge  of  the 
nature  of  the  medulla,  we  are  to  confider  the 
anatomical  ftru&ure  of  this  part  of  the  hu- 
man brain,  compared  with  the  brains  of  brute 
animals  and  fifh.  Therefore  this  part  of  the 
brain,  which  follows  immediately  under  the 
outer  gyri  or  convolutions  of  the  cortex,  is  of 
a white  colour,  and  becomes  gradually  broader 
and  more  abundant ; fo  that,  at  length,  it 
makes  up  the  whole  oval  fe&ion  of  the  brain, 
except  only  the  gyri  in  the  furface,  which 
make  the  cortex.  In  this  part,  the  two  hemi- 
fpheres  of  the  brain,  as  before  obferved,  are 
divided  but  half  way  through;  which  hemi- 
fpheres  (§.  3^8.)  here  continue  their  cohelion 
with  the  medulla  in  the  middle.  That  part 
of  the  medulla,  which  is  extended  under  the 
falciform  procefs,  but  at  fome  diftance  from 
it,  is  called  corpus,  callofum , in  the  furface  of 
which  run  two  parallel  white  ftripes.  But  the 
anterior  extremity  of  this  callous  body  is  loif 
in  the.  fubftance  of  the  crura,  coming  from  the 
anterior  lobes  of  the  brain,  as  likewife  are  the 
pofterior  crura  with  the  foot-ifalks  of  the  hip- 
pocampus ; moreover,  the  whole  furface  of 
this  callous  body  is  freaked  with  tranfverfe 
fibres,  which  are  continued,  but  extenuated 
into  the  next  adjacent  medulla  of  the  brain 
itfelf. 

§.  361.  As  to  the  remaining  parts  of  the 
brain,  a fcrutiny  is  more  difficult  to  be  made 
into  them ; for  the  brain  is  not  a folid  body, 
but  begins  to  be  hollow  internally  from  the 
lower  part  of  its  medulla,  which  is  incumbent 
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upon  the  multiform  bone,  at  which  place  the 
greater  crus  of  the  brain  pafles  out  from  it  5 
and  in  this  cavity,  the  medulla  is  only  covered 
with  the  pia  mater,  which  afeends  backward, 
and  then  turning  continues  its  courfe  forward 
and  upward.  Next,  the  brain  divides  itfelf 
near  the  pofterior  extremity  of  its  callous  body, 
and,  at  the  fame  time,  fends  one  of  its  fhorter 
pofterior  portions  into  the  pofterior  lobe  of  the 
brain,  turning  its  extremitv  inward.  But  the 
anterior  portion  is  continued  a long  way  by  the 
fide  of  the  callous  body,  parallel  to  the  horizon, 
and  turning  its  horn  and  end  outward,  it  is 
terminated  in  the  anterior  lobe  of  the  brain. 
This  cavity,  of  which  there  is  one  in  each 
hemifphere  of  the  brain,  is  called  its  triangu- 
lar or  anterior  ventricle ; and  it  is  naturally 
filled  with  a vapour,  which  being  frequently 
condenfed,  puts  on  the  appearance  of  water. 

§.  362.  1 his  cavity  is  full  without  any  in- 
termediate fpace  by  the  clofe  meeting  together 
of  the  fides  of  the  upper  and  lower  medulla. 
The  lower  fide  or  pavement  of  this  part  is 
varioufly  figured.  In  its  fore-part,  it  forms  a 
horn,  below  which  there  is  a hill  moderately 
convex,  and  of  confiderable  length,  covered 
with  a membrane  that  is  extremely  vafcular, 
and  being  outwardly  of  an  afh  or  grey  colour, 
is  called  the  corpora  ftriata ; becaufe  inwardly 
they  exhibit  to  the  view  white  ftreaks,  inter- 
mixed with  a good  deal  of  the  cortex.  More 
inwardly  and  backward  there  are  two  other 
fimilar  hills  of  the  medulla  obfeureiy  ftriated, 
but  mixed,  however,  with  iome  portion  of 
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the  cortex,  and  To  incumbent  together,  that* 
in  their  upper  part,  they  frequently  cohere  j 
and  thefe  continuing  their  courfe  through  the 
horn  of  each  anterior  ventricle,  defcend  to  the 
bahs  of  the  fkull,  and  there  generate  the  optic 
nerves,  of  which  thefe  are  called  the  tbalami. 
Betwixt  the  faid  ftriated  bodies  and  thofe  tha- 
lami,  lies  an  intermediate  white  and  ftreaked 
medullary  portion,  called  thedouble  femicircular 
center  ; and  this,  being  extended  into  a medul- 
lary fafcia,  is  continued  acrofs  from  the  right 
into  the  left  fide  But  then  the  corpora  ftriata 
chiefly  join  and  compote  the  crura  or  foot- 
ftalks  of  the  brain. 

§ 363.  It  is  to  be  obferved,  that  the  corpus 
callofum  medium  projects  or  rifes  up  in  the 
common  axis  or  middle  of  thofe  ventricles,, 
Behind  this  body  lies  continuous  and  incum- 
bent on  the  fornix  or  arch  ; but  before,  there 
are  two  fimilar  medullary  partitions,  which 
defcend  from  this  body  the  whole  length  of 
the  corpora  ftriata ; and  this  part  which,  in 
its  middle,  includes  an  anonymous  cavity,  goes 
under  the  name  of  feptum  pellucidum.  1 his 
feptum  is  continued  to  the  fcr'nix  ; that  is  to 
fay  the  four-horned  medullary  tradts,  which 
took  their  anterior  origin  from  peculiar  mam- 
millary protuberances  in  the  crura  of  the  brain, 
at  the  bafis  of  the  fkull  behind  the  optic  nerve, 
now  concur,  and  by  a meeting  together  of  the 
anterior  part  of  the  brain  in  that  place  (§.  362.), 
do  there  unite  into  one  trunk.  This  is  incum- 
bent upon  an  interval  of  the  ftriated  bodies, 
and  upon  another  interval  of  the  thalami  5 
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from  whence  it  degenerates  partly  into  a broad 
thin  fimbria,  and  partly  into  another  tubercle, 
which  is  continuous  with  the  fornix  and  callous 
body  of  an  half  cylindrical  figure,  and  fur- 
nifhed  with  an  oppofite  fimbria.  Thefe  de- 
fcend  into  the  lower  anterior  horns  of  the 
ventricles,  and  at  laft  terminate  by  a fort  of 
convex  (ulcated  end,  imprinted  by  the  cortex 
and  named  pedes  hppocampi , which  are  out- 
wardly medullary,  inwardly  of  a cortical  fub- 
fbance.  A like  protuberance  is  continued  in 
the  poflerior  horn  of  the  ventricle.  Betwixt 
the  departing  crura  of  the  fornix,  the  tranfverfe 
medullary  portion,  which  is  behind  the  middle 
plexus  of  the  ventricles,  and  painted  with 
ftreakes,  or  palmated,  is  called  the  pfalterium 
or  harp. 

§.  364.  Within  the  anterior  or  lower  part 
of  each  of  the  ventricles,  begins  the  vafcular 
pie xiiS)  called  choroides , included  in  the  pia 
mater  only,  except  which,  it  lies  naked  in  the 
cavity  of  the  fkuil,  made  up  of  a great  many 
fmall  arteries  (§.  337,  338.),  together  with 
little  veins  leading  to  the  larger  trunk  (§.  346.) ; 
all  which  numerous  veffels,  joined  together  by 
the  pia  mater,  refemble  a curtain  varioufiy 
folded.  With  thefe  are  intermixed  many  fmall 
pellucid  glandules  of  a round  figure,  refem- 
bling  hydatids.  When  thole  plexuffes  have 
reached  the  anterior  extremity  of  the  thalami, 
being  afterwards  reflected  and  united  together, 
they  gradually  defeend  through  the  crevice  of 
the  third  ventricle  as  far  as  the  pineal  glandule, 
where  they  terminate  by  the  meeting  of  other 
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veffels  (§.  338.),  and  then  continue  to  infinate 
themfelves  within  a large  portion  of  the  pia 
mater,  to  the  lower  part  of  the  brain.  From 
this  plexus,  doubtlefs,  proceeds  the  internal 
warmth  of  the  brain,  with  its  exhalation  and 
inhalation.  [But  the  choroidal  plexuffes  be- 
come very  broad,  where  the  anterior  ventricles 
of  the  brain  begin  to  defcend,  and  thence,  con- 
tracting gradually  downward.  they  projeCt  their 
extremities  to  the  ends  of  the  anterior  ven- 
tricles, covered  only  with  the  pia  mater.] 

§ ?6/^.  Betwixt  the  thalami,  applied  one  to 
the  other  almoft  with  a plain  furlace,  there  is 
a natural  fiflure  terminating  the  crura  of  the 
brain,  which  meet  together  in  the  baf  s of  the 
fkull,  and  this  is  called  the  third  ventricle , 
which  leads  by  a declivity,  like  a funnel,  for- 
ward into  the  column  of  the  medulla  5 which, 
though  hollow  in  brutes,  is  yet  evidently  lefs 
tubular  in  man,  and  connected  to  the  pituitary 
glandule  (§.  3^6.:.  Backward,  the  thalami 
are  conjoined  together  in  the  bottom  of  the 
ventricle  by  a medullary  fafcia ; but  the  ven- 
tricle itfelf,  being  inclined  forward  before  the 
nates  and  tefles,  leads  to  the  fourth  ventricle. 
In  this  courfe,  is  extended  round  it  a broad, 
fhort,  medullary  fafcia,  flretched  tut  from  the 
bottom  of  the  right  thalamus  to  the  bottom  of 
the  left.  But  there  are  other  fibres,  which  go 
inclined  towards  the  right  through  the  length 
of  the  thalami,  and  which  like  wife  join  the 
thalami  together  on  each  fide  behind  the  form- 
er tranfverfe  falcicuius,  and  before  the  p;neai 
glandule.  Thole  are  generally  alciibed  to  the 
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pineal  glandule  itfeif,  with  which  they  cohere 
either  not  at  all,  or  by  very  fhort  productions. 

§.  366.  Again  behind  the  thalami,  thofe  tranf- 
verfe  figured  eminencies  of  the  medulla  meet 
together,  which  conjoin  the  medulla  of  the 
right  and  left  pofterior  lobes  of  the  brain.  Jn 
this  part  backward  are  engraved  or  cut  out  four 
oval  eminences,  which  are  outwardly  fmaller, 
called  the  / a es  and  teftes , and  which  are  of  a 
fubftance  inwardly  cortical,  but  outwardly  me- 
dullary. Upon  thele  is  feated  a cortical  glan- 
dule, fomewbat  oval  and  conical,  Jpread  with 
many  fmall  vefiels,  into  which  the  choroide 
plexus  here  degenerates ; and  this  has  been  ce- 
lebrated by  the  name  of  pineal  glandule.  [Be- 
twixt thefe  four  protuberances  and  t e crura 
of  the  oblong  medulla,  pafies  a groove  or 
channel  in  the  fame  direction  from  the  third 
to  the  fourth  ventricle,  manifeftly  open,  and 
called  the  aquaduCt  ] 

§.  367.  The  whole  medulla  of  the  brain  is, 
in  its  lower  part  or  bafis,  collected  together 
into  two  very  thick  comprefied  columns,  diltin- 
guifhed  in  their  furface  by  a line  running  ac- 
cording to  their  length ; and  thefe  have  inter- 
nally a cortical  fubftance.  Thefe,  which  are 
the  crura  of  tie  b>  ai ■,  meeting  together  down- 
ward, are  covered  by  the  fubjacent  crura  of  the 
cerebellum,  and  are  inferred  by  apparent  ftrata 
of  fibres  into  the  pyramidal  bodies  of  the  me- 
dulla oblongata;  and  with  the  other  deeper  fibres, 
which  feparate  the  inner  tranfverfe  fibres  that 
come  from  the  cerebellum  from  the  preced- 
ing, meet  together  with  the  medulla  cerebelli  to 

make 


Of  the  Brain. 


295 


make  up  the  beginning  of  the  medulla  ob- 
longata. 

§.  368.  The  cerebellum , as  it  is  lefs,  fo  it  is 
more  fimple  than  the  brain.  It  has  two  lobes, 
but  no  where  deeply  parted,  united  above  and 
below  in  their  center  to  a ring  of  the  fame  fa- 
bric with  itfelf,  called  the  prucejjus  ’vermi/ormis. 
This  part  of  the  encephalon  contains  a great 
deal  of  the  cortex,  with  a lefs  proportion  of 
medullary  fubftance.  And  here  likewife  the 
cortex  is  placed  in  the  circumference,  but 
marked  with  gyri  or  convolutions,  which  are  ra- 
ther parallel  to  each  other,  fo  as  to  form  circles  j 
by  which  the  fmall  lobules  or  portions  are  diftin- 
guifhed,  but  not  deeply,  and  afterwards  fend  out 
each  of  them  their  medulla,  which  is,  by  de- 
grees, fo  collected  together  in  rays  or  branches, 
meeting  in  one  trunk,  that  the  whole  refembles 
the  figure  of  a tree.  This  medulla  collected 
together  into  the  large  crura  of  the  cerebellum, 
terminates  or  goes  off  three  ways ; one  part 
afcends  towards  the  nates,  where  it  joins  with 
the  medulla  of  the  brain  ; but  the  right  and 
left  parts  of  the  medulla  are  conjoined  to  each 
other  by  tranfverfe  ft  rise  behind  the  nates. 
Another  portion  defcends  into  the  fpiilal  me- 
dulla, and  terminates  in  peculiar  protuberances, 
which  are  both  anonymous,  and  have  other 
cortical  portions  near  them.  A third  portion, 
which  is  larger,  and  variegated  internally  with 
ferrated  lines  of  the  cortical  fubftance,  goes 
tranfverfely  downward  under  the  crura  of  the 
brain,  which  it  embraces,  and  by  twice  inter- 
mixing alternately  with  their  tranfverfe  medul- 
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kry  fibres  (§.  367.),  it  is  in  a great  mea- 
fure  confounded  together  with  them. 

§.  369.  In  this  manner  th t p ns  is  firft  form- 
ed aimoft  of  an  oval  figure,  de  refied  in  its 
middle,  having  tranfverfe  fibres  on  all  fides ; 
namely,  from  a conjunction  of  the  crura  of 
the  brain  defeending  above  thofe  of  the  cere- 
bellum, and  pafling  ou:  from  the  medulla  of 
the  brain  tranfverfely  near  the  cerebellum. 
Afterwards  the  medula  cblcngata , continuous 
to  the  pons,  being  partitioned  in  its  middle  bv 
a peculiar  fulcus,  is  internally  variegated  and 
ftreaked  with  a fubftance  like  the  cortex,  and 
defeends  of  a conical  fbape,  inclined  to  the 
great  foramen  in  the  occiout.  This  medulla 
has  two  pair  of  tubercles  before  the  pons  ; the 
outermoft,  from  their  figure,  called  cop  ra 
olivaria  y and  the  innermoft,  pyram  da  a ; 
becaufe  they  lefien  downward  like  a cone,  and 
thefe  are  immediately  divided  by  a fulcus,  thro* 
which  the  pia  mater  enters.  But  betwixt  the 
medullary  worm-like  procefs  of  the  cerebellum, 
is  formed  a cavity  above  the  tubercles  (§.  .68.), 
where  it  grows  broader  of  a rhomboidal  figure, 
and  is  called  the  fourth  ventricle , fhut  in  its 
back- part  by  the  valvula  magna,  or  a medullary 
procefs  from  the  cerebellum,  uniting  the  velum 
to  the  nates  (§.  368.)  s being  cut  into  the  me- 
dulla oblongata,  and  anfwering  to  the  canal 
that  is  covered  by  the  nates  and  teftes,  called 
the  aquadudh  In  this  la  ft  ventricle,  as  well  as 
in  the  foregoing,  is  lodged  the  plexus  choroides, 
only  lefts  in  bulk,  together" with  an  upper  ful- 
cus, called  calamus  feriptorius.  Each  of  thele 
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falcl  or  divifions  are  continued  down  along  the 
medulla  fpinalis,  both  in  its  anterior  and  pofte- 
rior  fide ; and  therein  tranfverfe  fibres  are  de- 
tached in  its  upper  part  from  the  right  to  the 
left  fide,  both  of  the  medulla  oblongata  and 
fpinalis.  [ But  two  or  three  of  the  tranfverfe 
fireaks,  that  arife  from  eminences,  which  in- 
tercept a fulcus,  are  infcrted  into  the  foft  part 
of  the  acouftic  nerve  ; and  others  of  the  fame 
kind  afcend  to  the  crura  of  the  cerebellum  ] 

§.  370.  All  the  medulla  of  the  brain  and 
cerebellum  goes  out  from  the  fkull,  through 
particular  openings  towards  certain  parts  to 
which  it  is  deftined.  The  fmaller  bundles  of 
this  medulla,  we  call  nerves-,  but  the  larger, 
defcending  through  the  fpine,  we  call  the  me- 
dulla fpinalis,  which  is  a continuation  of  that 
called  oblongata  (§.  369.).  But  the  nerves, 
which  are  bundles  of  the  medulla,  and  very  foft 
in  their  origin,  are  compofed  of  ftraight  parallel 
fibres  in  diftindt  threads.  Thefe  nervous  cords, 
after  they  have  gone  forward  fome  length,  co- 
vered with  the  firm  pla  mater  of  a redifh  co- 
lour, are  afterwards  united  into  a more  tough 
or  permanent  firing  ; and  then  going  off  from 
the  brain,  they  haften  to  their  proper  opening 
in  the  dura  mater,  and  thence  run  down  through 
the  intervals  of  the  channels  formed  by  that 
membrane,  ’till  they  meet  with  an  opening  in 
the  fkull,  out  of  which  they  pafs  through  the 
membranous  funnels  of  the  dura  mater.  The 
nerve  having  arrived  Without  the  fkull,  is  com- 
monly furrounded  by  the  dura  maccr,  fo  as  to 
become  very  folid  and  firm.  Thus  it  is  in  the 
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optic  nerve,  in  the  fifth  pair,  and  in  others  j 
but  in  fome  again  there  does  not  appear  to  be 
any  dura  mater  furrounding  the  nerve,  as  in 
the  olfabfory  nerves,  in  the  foft  portion  of  the 
auditory  nerve,  and  the  intercoftal.  T he  nerves 
now  defcend  naked  or  lefs  fenced  betwixt  the 
mufcles,  detaching  their  cords  or  threads  of 
which  they  are  compofed,  and  are  hill  made 
up  of  the  medulla  covered  by  the  pia  mater. 
Many  fmall  threads  of  this  kind  are  joined  to- 
gether into  larger,  by  the  union  of  the  cellular 
fubhance  that  furrounds  them,  through  which 
run  many  fmall  arteries  and  veins  intermixed  ; 
and  fometimes  fat  itfelf  is  therein  lodged.  But, 
in  general,  the  outer  covering,  common  to  the 
whole  nervous  bundle,  is  either  derived  from 
the  dura  mater,  or,  at  leaf!:,  is  a hard  plate  of 
the  cellular  fubfiance,  wherein  all  the  fmaller 
threads  are  contained  and  united  into  one 
nerve. 

§.  ^7 1.  It  is  a principle,  in  common,  to  all 
the  nerves  of  the  head,  to  arife  and  pafs  out 
from  the  lower  part  of  the  medulla  of  the 
brain  or  cerebellum.  The  olfadtory  nerve  arifes 
with  lateral  fibres  from  the  interval  betwixt  the 
anterior  lobe  of  the  brain,  but  with  direbt  fibres 
from  the  medulla  of  the  anterior  lobe  itfelf. 
A great  part  of  the  optic  nerve  fprings  from 
the  thalami  (§.  362.),  but  fome  part  likewife 
from  the  medulla  of  the  brain  itfelf  in  the  balls 
of  the  fkull  near  the  mammillary  protuberance. 
The  third  pair  of  nerves  come  from  the  me- 
dullary crura  of  the  brain,  behind  the  mamil- 
lary bodies  or  protuberances.  Tr.e  fourth 
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from  the  medullary  ftriae,  which  join  the  foot- 
ftalk  of  the  cerebellum  to  the  nates  (§.  368.). 
The  fifth  arife  plainly  from  the  peduncles  of 
the  cerebellum  itfelf.  The  fixth  out  of  a ful- 
cus  (§.  368.),  deep  from  the  bottom  of  the  pons 
betwixt  that  and  the  medulla  oblongata.  The 
feventh  arifes  with  one  part  fofter  from  the  me- 
dulla oblongata,  and  by  two  tranfverfe  ftriae, 
from  the  fourth  ventricle  itfelf ; and  with  ano- 
ther part  harder  from  that  portion  of  the  crus 
of  the  cerebellum,  which  lies  next  the  pons. 
The  eighth  nerve  arifes  from  the  interval  be- 
twixt the  olivary  and  pyramidal  bodies  or  pro- 
tuberances, and  according  to  the  obfervation  of 
other  eminent  anatomifts  from  the  fourth  ven- 
tricle like  wife.  The  nin.h  arifes  from  the  cor- 
pora olivaria  only.  The  tenth,  by  reafon  of 
its  double  root,  is  reckoned  a nerve  of  the 
neck,  going  out  with  an  arch,  in  company  with 
the  upper  and  lower  adjacent  nerve.  There  is, 
therefore,  no  nervous  branch  that  arifes  pro- 
perly from  the  cerebellum,  unlefs  it  be  the 
fifth  ; for  the  anterior  nerves,  the  olfactories, 
optics,  and  third  nerve  come  from  the  brain 
only;  and  ail  the  reft  from  thofe  parts,  where 
the  medulla,  both  of  the  brain  and  cerebellum, 
are  conjoined  together. 

§ 372.  The  y/;/  ;ai  medulla  is  a kind  of  me- 
dullary rope  or  appendix  to  the  encephalon, 
continued  down  from  the  medulla  oblongata, 
as  low  as  the  fecond  vertebra  of  the  loins, 
where  it  terminates  of  a rounding  conical  figure. 
In  the  neck  its  anterior  and  pofterior  fides  are 
flat,  laterally  convex,  but  in  the  back  it  is  four 
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fquare.  The  pia  mater  is  a proper  integument 
to  this  part  as  well  as  to  the  brain,  fince  it  en- 
ters the  fpinal  medulla  deeply  by  each  of  the 
fiflures  (§.  368  ),  and  divides  it  almoft  into 
two.  The  cortical  fubftance,  which  lies  with- 
in it,  is  more  obfcure  than  that  of  the  brain. 
The  larger  anterior  arteries  pafs  back  to  it  from 
the  vertebrals  out  of  the  fkull,  and  defcend 
down  through  the  whole  length  of  the  pia 
mater,  frequently  double  and  parallel  to  each 
other,  perpetually  making  alternate  finous 
flexures,  which  form  inofculations  with  the 
vertebral  arteries  about  each  pair  of  nerves, 
likewife  with  the  intercoftal  arteries  and  with 
the  branches  of  thofe  belonging  to  the  loins 
and  facriim,  ’till,  at  lafl,  the  anterior  artery, 
covered  with  a peculiar  coat  from  the  dura 
mater,  goes  out  and  difappears  at  the  coccyx. 
In  like  manner,  the  pofterior  arteries,  which 
are  lefs,  arife  and  are  diftributed  from  the  lower 
arteries  of  the  cerebellum  The  fpinal  veins 
defcend,  together  with  the  arteries,  from  the 
brain  itfelf,  fending  out  branches,  in  like  man- 
ner, on  each  fide,  which  accompany  the  nerves 
like  fo  many  circular  finuffes,  fixed  in  the  dura 
mater,  and  correfponding  to  the  number  of 
the  vertebra,  all  which  fo  communicate  one 
with  another,  that  each,  has,  on  all  tides,  a di- 
rect confent  both  with  the  uppermoft  and  low- 
ermok ; and  after  having  lent  out  branches, 
that  join  the  vertebral,  intercoftal,  and  lumbal 
veins,  they  unite  with  thofe  of  the  facrum. 
The  uppermoft  of  thefe  finuffes  inofculates  with 
the  anterior  occipital  finuffes,  (§.  35 2.) 
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§.  373.  But  there  is  another  covering,  not 
fpread  with  any  vefTels,  which  furrounds  the 
fpinal  medulla  loofely  and  at  a diftance,  and  is 
pretty  firm,  of  a watry  clearnefs,  called  arach- 
noides , and  which  being  longer  than  the  pia 
mater,  is  extended  to  the  bottom  of  the  os 
facrum,  where  the  nerves,  only  defcending 
from  t4he  medulla,  are  collected  by  it  into  a 
fafciculus.  But  in  what  manner  it  goes  out, 
together  with  the  nerves,  has  not  been  hitherto 
defcribed. 

§.  374.  Laftly,  the  dura  mater , belonging 
to  the  fpinal  medulla,  and  continued  from  that 
of  the  cerebellum,  furrounds  the  preceding 
araghnoides,  like  which  it  defcends  to  the  bot- 
tom of  the  os  facrum,  being  larger  at  its  be- 
ginning, at  the  bottom  of  the  neck,  and  at  the 
loins  but  flenderer  in  the  back,  and,  being 
connected  ultimately  by  many  filaments  to  the 
os  facrum,  it,  at  laft,  difappears  in  a {lender 
cone.  As  the  nerves  pafs  out  through  this 
membrane,  it  gives  them  an  external  covering, 
and  diredtly  thickens  or  fwelis  with  them  into 
a ganglion , or  hard,  oval,  redifh- coloured 
knot,  in  which  the  rectilineal  courfe  of  the 
nervous  fibres  is  interrupted.  To  this  hard 
covering  of  the  dura  mater  internally  adheres 
a ligament  denticulated  at  the  interval  of  each 
of  the  nerves,  which  arifes  from  the  fkull  near 
the  courfe  or  pafiage  of  the  ninth  pair  of  nerves, 
tying  the  arachnoides  to  the  dura  mater  by 
triangular  productions  in  each  of  the  intervals 
of  the  nerves,  and  betwixt  the  anterior  and 
pofterior  bundles  of  the  fpinal  nerves  down  to 
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the  bottom.  Externally,  there  is  a fort  of  fat 
furrounds  the  dura  mater,  and  alfo  lines  inter- 
nally the  covering  of  the  vertebrae  of  the 
fpine,  which,  by  this  means,  is  fo  adapted  like 
a tube  to  the  medulla  fpinalis,  that  the  latter 
is  not  liable  to  be  com 
of  it  in  any  pofition. 

§•  375-  The  fibres  of  the  fpinal  medulla,  in 
dropfical  fubjedts  and  in  brute  animals,  appear 
very  diftindt.  Thefe  medullary  fibres  go  out 
from  the  whole  anterior  and  poderior  fides  of 
this  long  appendix,  after  which  the  anterior 
cords  are  commonly  wrapt  up  in  the  pia  mater, 
in  which  they  converge  together  like  rays 
into  a larger  fafciculus,  to  which  alfo  join  fimi- 
lar  threads  in  another  bundle  from  the  poderior 
fafciculi  joining  together  into  one  nerve,  which 
paffirg  out  through  the  holes  of  the  dura  ma- 
ter betwixt  each  of  the  vertebrae,  compofe  the 
fpinal  nerves  to  the  number  of  thirty,  anfwer- 
ing  to  the  vertebrae.  Among  thefe,  the  fpinal 
nerves  of  the  neck  are  fhort  and  flrong,  eipe- 
cially  the  lowermoft ; thofe  of  the  back  are 
fmall,  and  thofe  of  the  loins  again,  with  the 
fir  ft  pair  of  the  facrum,  are  large.  But  the 
nerves  of  the  facrum  are  fmaller.  Of  thefe 
nerves,  the  longed  are  thofe  which  go  cut  thro7 
the  loins  and  os  facrum,  arifin^  within  the  back 
itfelf.  Thofe  covered  with  their  pia  mater,  ac- 
companied with  correlponding  arteries,  and  in- 
cluded within  the  arachnoide  capful,  form  a 
rope  of  nerves,  which  is  commonly  called 
cauda  equin'a* 


preffed,  by  the  bending 
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376.  Thofe  nerves  are  afterwards  diftri- 
buted  to  all  parts  of  the  body  in  a manner  very- 
complex,  and  not  here  to  be  defcribed.  But 
we  muft  not  omit  to  obferve,  that  all  the  fpi- 
nal  nerves,  except  one  or  two  in  the  neck,  have 
both  an  anterior  and  pofterior  trunk,  which  , 
pafs  out  together  betwixt  the  vertebrae ; and 
that  the  latter  or  posterior  being  diftributed  to 
the  mufcles,  only  the  former  fend  out  nervous 
foot-ftalks,  which  joining  the  other  anterior 
and  adjacent  fpinal  nerves,  and  having  given  a 
fmall  circle  that  goes  to  the  fixth  nerve  of  the 
brain,  they  form  together  one  great  fource  of 
the  principal  nerves  belonging  to  the  human 
body,  which,  communicating  with  almoft  all 
the  other  nerves  of  the  whole  fyftem,  fend  out 
nervous  branches  to  the  heart  and  all  the  vif- 
cera  of  the  abdomen.  This  intercodal  or  fpi- 
nal nerve  forms  as  many  ganglions  as  are  equal 
to  the  number  of  its  medullary  roots,  except 
where  feveral  of  thole  roots  meet  together  into 
one  ganglion  ; and  thus  it  forms  various  knots 
or  communications  with  the  crural,  brachial, 
and  diaphragmatical  nerves,  alfo  with  the  par- 
vagum  and  ninth  pair  of  nerves.  The  other 
primary  or  capital  nerve  is  the  eighth  or  vague 
nerve,  arifing  from  the  brain  and  joining  itfelf 
to  the  intercoftal  in  the  bottom  of  the  neck,  in 
the  thorax,  and  in  the  abdomen  5 this  paiTes 
out  of  the  fkull  in  three  cords,  of  which  the 
larger  fends  branches  to  the  larynx,  gula, 
lungs,  and  the  cordiac  plexus  itfelf  (§.  94.)  to 
the  cefophagus,  ftomach,  and  liver.  The  third 
of  thefe  is  the  phrenic  nerve , arifing  from  moll: 
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of  the  lower  nerves  of  the  neck  and  arms, 
and  fometimes,  being  increafed  from  the  root 
of  the  fpinal  nerve,  it  defcends  by  the  fide  of 
the  pericardium,  and  inferts  itfelf  into  he  upper 
face  of  the'  diaphragm  ; but  below  it  receives 
nerves  from  the  great  plexus  of  the  intercoftal 
nerve.  Moreover,  the  accefo  y nerve,  arifing 
by  many  fmall  roots  from  the  feven  uppermoft 
pofterior  nerves  at  the  neck,  and  from  the 
medulla  oblongata,  joins  the  nerve  of  the 
eighth  pair  going  back  again  into  the  fkull, 
and  feems,  by  this  means,  to  make  a confent 
betwixt  that  important  nerve  and  the  fpinal 
medulla.  Laftly,  the  nerves  of  the  limbs 
have  at  their  origin  plexuffes  or  knots,  and  are, 
on  account  of  their  length,  harder  or  firmer 
in  their  fubftance,  and  much  larger  than  the 
great  nerves  which  go  to  the  vifcera ; thole  of 
the  arms,  arife  from  the  four  lower  nerves  of 
the  neck  and  fir  ft  of  the  back ; but  thofe  of 
the  lower  extremity  from  the  nerves  of  the 
loins  and  os  facrum. 

§•  3 77'  The  nerves  divide  into  branches 
like  the  blood-veffels,  but  in  acute  angles,  and 
often  in  a courfe  manifeftly  retrograde,  grow- 
ing gradually  fofter  and  leis  in  bulk,  ’till,  at 
length,  ti.eir  ul.-.mate  extremities,  which  are 
feldom  vifi  ie  ecm  to  Terminate  in  a pulp, 
by  depofi  ing  tee  fire  1. teguments  with  which 
they  were  covered  a;  ter  the  manner  which  we 
obferve  in  the  ' ptic  nerve.  But  the  ledfilineal 
courfe  of  t,  e .fir-res,  contii  ucd  from  the  brain 
itfelf,  is  iuch,  that  it  is  never  broke  off  by  the 
divifion  or  fplitting  of  a nerve  into  1 mailer 

threads,- 
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threads,  which  only  recede  from  eddi  other  by 
an  opening  of  the  cellular  fubftance  that  tied 
them  together.  This  appears  from  the  ddfbr- 
d,ers,  which  are  determined  ndt  to  all,  but  only 
to  fome  tingle  parts  by  injuries  of  the  brain,  as 
a lofs  of  the  voice,  deafnefs,  dumbnefs  and 
palfies  of  particular  mufcles.  They  are  con- 
nected in  their  courfe  by  the  cellular  fubftance 
to  the  adjacent  parts,  but  have  hardly  any 
elafticity ; whence  they  do  not  fly  back  after 
being  divided,  but  only  expel,  by  the  contrac- 
tion of  their  integuments,  the  foft  medulla, 
which  they  include.  A great  many  nerves  are 
fent  into  the  mufcles,  many  of  them  go  to 
the  ftcin.  but  fewer  to  the  vifcera,  and  feweft 
of  all  to  the  lungs.  They  make  frequent  inof- 
culations  with  each  other  like  the  blood-veftels, 
and  it  is  principally  in  thefe  meetings  of  their 
branches,  arifing  from  different  trunks  that  the 
nervous  ganglia  are  formed ; namely,  hard 
nervous  tumours,  for  the  moft  part  replenifhed 
with  blood-veftels,  and  included  in  a firm 
membrane,  but  of  a ufe  and  ftrudure  as  yet 
not  certainly  known.  The  nerves  of  the  fenfes 
only  are  excepted  from  thefe  ganglia  or  knots^ 
together  with  the  eighth  pair;  but  they  feem 
in  a manner  efiential  to  the  phrenic  nerves,  to 
the  fifth  pair,  to  thofe  of  the  limbs,  to  the 
fpinal  and  to  the  intercoftal  nerves,  which 
laft  are  truly  fpinal  nerves. 

§.  378.  Thus  far  we  are  taught  by  anatomy 
concerning  the  brain  and  nerves;  it  remains 
from  hence,  that  we  explain  the  phyfiological 
ufes  of  thefe  parts.  Every  nerve,  therefore* 

X that. 
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tbat  is  irritated  by  any  caufe,  produces  a fharp 
fenfe  of  pain,  and  if  the  caufe  be  great, 
thofe  mufcles,  to  which  the  primary  or  com- 
municating nerve  goes,  become  immediately 
agitated  with  a convulfive  motion,  which  is 
ftronger  than  their  natural  motion,  and  not  go- 
verned or  reftrained  by  any  power  of  the  will. 
The  fame  thing  is  likewife  true  after  death, 
if  the  experiment  be  made  foon  after,  as  we 
fee  in  the  heart  and  other  mufcles  of  brutes. 
(2).  Any  nerve  being  cut  through,  the  mufcles, 
to  which  it  is  diftributed,  become  paralytic  and 
generally  wafte  away  or  wither  in  a flow  man- 
ner. But  if  the  nerve  fo  cut  performed  any 
particular  fenfe,  in  that  cafe,  whether  it  be  cut 
through  or  only  comprefled,  the  fenfe  is  loftj 
but  by  removing  the  compreflure  from  the 
nerve,  if  the  ftrudure  of  it  was  not  fpoiled  by 
the  ligature,  the  mufcles  regain  their  ftrength. 
All  thofe  effeds  follow  in  fuch  a manner,  that 
the  parts,  molt  remote  from  the  brain,  con- 
flantly  fuffer  from  the  injury  of  the  nerve, 
without  any  effed  upon  thofe  parts  that  arc 
nearer  to  the  brain.  Experiments  of  this  kind 
have  been  made  upon  the  recurrent  nerve, 
upon  the  eighth  pair,  and  the  phrenic  nerve, 
with  thofe  of  the  limbs' ; and  laftly,  upon  the 
lower  dental  nerve  of  the  fifth  pair. 

§.  379.  But  the  medulla  of  the  brain,  being 
vellicated  or  varioufly  irritated,  dreadful  con- 
vulfions  enfue  throughout  the  whole,  and  this 
without  any  exception,  whatever  be  the  part 
of  the  brain  fo  affeded.  The  fame  confe- 
quences  alfo  follow,  if  the  fpinal  medulla  be 

irri- 
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irritated.  Bat  if  the  encephalon  itfelf  be  com” 
prefled  in  any  place  whatever,  there,  follows 
thence  a lofs  of  fenfe  and  motion  in  fome  part 
of  the  body,  which  mufl:  be  the  part  whole 
iierves  are  detached  from  the  affedted  or  com- 
prefled  quarter  of  the  brain.  This  is  clearly 
evidenced  from  experiments,  which  have  been 
made  on  particular  parts  of  the  brain  difor- 
dered  ; as  from  tnofe,  for  inflance,  in  which 
the  origin  of  the  nerves  are  corripreiTed,  as 
in  the  optic  nerves  the  light  is  extinguifhed  ; 
as  the  hearing  is,  from  a like  affedtion  of  the 
auditory  nerve,  or  as  the  motion  of  one  arm  or 
leg,  or  one  fide  of  the  pharynx  is  aboliflied  by 
a compreffure  upon  the  roots  of  their  nerves. 
But  in  the  injuries  of  the  fpinal  medulla,  it  is 
ftill  more  evident,  that  thofe  parts,  which  re- 
ceive their  nerves  arifing  from  the  place  in- 
jured in  the  medulla,  are  either  convulfed  if 
that  be  irritated,  or  rendered  paralytic  if  it  be 
compreflfed.  But  when  any  more  confiderable 
Or  large  portion  of  the  brain  fuffers  a com- 
preflure,  either  from  blood,  water,  fchirrus, 
an  impacted  bone  or  other  mechanical  caufes, 
there  follows  perpetually  either  a diflurbance 
of  all  the  faculties  of  the  mind,  or  elfe  a de- 
lirium, vertigo,  madnefs,  ftupidity,  ol*  an  in- 
curable fleepinefs ; all  which  diforders  ceafe 
upon  removing  the  comptefling  caufe.  Laftly, 
if  the  cerebellum,  or  the  corpus  cailofum,  and 
more  efpedaily  the  oblOngated  or  fpinal  me- 
dulla, entering  the  neck,  be  injured  in  like 
manner,  death  immediately  follows  3 becaufe, 
X 2 from 
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from  thofe  parts,  principally  arife  almoft  all 
the  nerves  of  the  heart,  (§.  94.). 

§.  380.  Thefe  things  being  confidered,  there 
feems  to  be  no  doubt,  but  the  caufe  of  all 
motion  in  the  human  body  arifes  from  the 
brain  with  its  annexed  cerebellum  and  lpinal 
marrow  j and  that  it  thence  proceeds  through 
the  nerves  to  all  the  mufcles  and  moveable  fo- 
lids  of  the  body.  The  caufe,  therefore,  of 
this  motion  cannot  relide  or  dwell  in  the  parts 
themfelves,  becaufe  otherwife  the  moving 
caufe  would  continue  to  adt,  after  being  fepa- 
rated  from  the  brain  ; nor  would  it  be  increafed 
by  irritating  the  brain,  or  weakened  by  a com- 
preflure  of  it. 

§.381.  Nor  is  it  lefs  evident,  that  all  fenfe 
arifes  from  an  imprefhon  of  the  lenlible  objedt 
upon  fome  nerve  of  the  body,  through  which 
nerve,  the  imprefiion  being  conveyed  to  the 
brain,  when  it  is  finally  there  arrived,  repre- 
lents  fome  idea  to  the  mind.  It  is,  therefore, 
a falfe  pofition,  that  the  mind  perceives  im- 
mediately in  the  nervous  branches  or  fenfible 
organs  thenjfelves ; for  this  opinion  is  confuted 
by  the  pains,  which  a perfon  will  feel  in  a 
limb  after  it  has  been  cut  off,  and  from  the  in- 
terruption or  removal  of  all  pain  by  a com- 
prelfure  of  the  conveying  nerve,  with  diforders 
of  the  fenfes  from  affedtions  of  the  brain. 

§.  382.  Whether  or  no  this  faculty  of  per- 
ceiving imprefied  objedts  by  the  mind,  and  of 
ufhering  out  the  motions,  which  follow  either 
of  necefiity  or  from  the  will,  be  priviledged  in 
common  to  the  whole  brain,  cerebellum,  and 

fpinal 
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ipinal  medulla  j becaufe  in  thofe  parts  are 
formed  the  roots  which  are  continuous  with  the 
nerves,  remains  a queftion  ? but  we  are  not  to 
believe  this  from  the  many  inftances  of  wounds 
in  feveral  parts  of  the  brain,  from  which  the 
fenfes  have  received  no  injury,  neither  from 
abfcefles,  which  have  largely  wafted  the  lateral 
hejpifpheres  of  the  brain,  &c.  From  hence 
many  queftrons  may  arife;  as  whether  there  be 
any  principal  or  particular  feat  of  the  brain 
from  whence  all  motion  fprings,  and  in  which 
all  fenfation  ends,  fo  as  to  be  the  habitation  or 
refidence  of  the  mind  itfelf  ? and  whether  this 
part  be  not  the  corpus  callofum,  becaufe  wounds 
therein  and  the  effecfts  of  difeafes  are  here  more 
certainly  and  fuddenly  fatal  ? whether  the  faid 
corpus  callofum  has  a fufficient  communication 
or  connection  with  the  whole  nervous  fyftem 
for  fuch  a purpofe  ? whether  there  are  truly 
any  inftances  of  the  fifth,  feventh,  or  other 
nerves,  arifing  man ifeftly  from  this  part?  whe- 
ther or  no  wounds  of  the  fpinal  medulla  are 
not  equally  or  more  fatal ; when  at  the  fame 
time  we  know  it  is  not  the  feat  of  the  mind  j 
becaufe,  being  comprefied  or  deftroyed,  a per- 
fon  will  furvive  a long  time  with  all  his  mental 
faculties  entire  ? [Add,  moreover,  in  oppofition 
to  this,  that,  in  birds  who  have  no  corpus  cal- 
lofum, wounds  of  the  fpinal  medulla  are  equally 
fatal  with  thofe  in  any  other  part  of  the  ence- 
phalon.] 

§.  383.  Whether  or  no  the  feat  of  the 
mind  is  in  all  thofe  parts,  which  make  the  be- 
ginning of  each  nerve,  in  fuch  a manner,  that; 
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the  ftrft  originations  of  all  the  nerves  conjundt- 
ly  make  together  the  true  common  fenforv, 
where  all  die  fenfations  are  reprefented  to  the 
mind  and  all  motions  arife,  whether  neceftary 
or  voluntary  ? we  muft  confefs,  that  this  is 
highly  probable.  For  the  origin  of  motion 
does  not  feem  capable  of  fpringing  from  any 
part  below  the  fource  of  the  nerve;  and  it 
would  be  begging  the  question,  to  fuppofe  any 
part  of  the  nerve,  which  is  like  the  reft  in  its 
fabric,  to  be  either  void  of  fenfe  or  motion. 
Nor  can  the  origin  of  motion  (§.380.)  be 
placed  higher  than  this;  for  lo  it  will  fall  within 
the  arteries,  which  have  neither  the  faculty  of 
fenfation  nor  of  voluntary  motion ; it,  there- 
fore, follows,  that  the  feat  of  the  mind,  if  it 
he  materia],  rnuft  be  where  the  nerve  firft  be- 
gins its  formation  or  origin. 

§.  384.  We  come  now  to  explain  the  man- 
ner in  which  the  nerves  become  the  organs  of 
fenfe  or  motion ; which,  as  it  lies  hid  in  the 
ultimate  elementary  fabric  of  the  medullary 
fibres,  feems  to  be  placed  above  the  reach  both 
of  fenfe  and  reafon  ; but  we  fhall,  notwith- 
ftanding,  endeavour  to  make  this  as  plain  as 
experiments  will  enable  us.  And  firft,  it  is 
demonftrated,  that  the  nerves  arife  from  the 
medulla  of  the  brain,  the  truth  of  which  is 
manifeft  to  the  eye  in  all  the  nerves  of  the 
brain,  more  efpeciaily  in  the  olfadtory,  optic* 
fourth  and  feventh  pair  of  nerves,  which  con- 
tinue their  medullary  fabric  a long  way  before 
they  put  on  the  covering  of  the  pia  mater. 

§•  38.?- 


Of  the  Brain. 


3 1 1 


§.  385.  We  muff,  therefore,  next  enquire 
into  this  medulla,  what 


threads,  difpofed  longitudinally  by  the  fides  of 
each  other,  appear  from  innumerable  argu- 
ments, more  efpecially  to  the  eye  in  the  corpus 
callofum,  in  the  ftriatum,  and  thaiami  of  the 
optic  nerves ; but  fill  more  evidently  in  the 
brains  of  fifh.  That  the  fibres  of  the  brain 
are  continuous  with  thole  of  the  nerves,  fo  as 
to  form  one  extended  and  open  continuation, 
appears,  by  obfervation,  very  evidently  in  the 
feventh,  fourth  and  fifth  pair  of  nerves. 

§.386.  But  here  a controverfy  begins  con- 
cerning the  nature  of  this  fibril,  which,  with 
others  of  the  like  kind,  compofes  the  fub- 
ftance  of  the  medulla  and  of  the  nerves. 
That  this  is  a mere  folid  thread  and  only  watered 
by  a vapour  exhaling  into  the  cellular  fabric, 
which  furrounds  the  nervous  fibres,  has  been 
afierted  by  many  of  the  moderns. 

§.  387.  But  we  are  not  allowed  to  receive 
this  opinion  for  the  following  important  rea- 
fons,  which  we  here  alledge.  The  cortex  of 
the  brain  is,  on  ail  fides,  vafcular,  and  coheres 
fo  manifeitly,  by  an  undivided  and  inextricable 
continuation  with  the  medulla  itfelf,  that  no 
one  can  either  doubt  or  objedl  againfi:  this 
truth.  Moreover,  the  molt  confiderable  por- 
tion of  the  blood  (§.  339.)  is  fent  up  to  this 
cortical  part  of  the  brain,  to  which  the  me- 
dulla is  always  proportionable,  both  in  its 
growth  and  dimenfions.  This  being  duely  con- 
sidered, I conclude,  that  the  fmall  velfels  of 
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the  cortex,  of  which  it  is  compofed  (§.  359.), 
are  continuous  with  the  fibres  of  the  medulla, 
of  which  that  part  of  the  brain  is  wholly  made 
up;  and  that,  therefore,  they  cannot  be  folid  im- 
pervious fibres,  becaufe  fuch  a fabric  will  oc~ 
cafion  the  great  quantity  of  juices,  lent  to 
the  porter  by  the  carotid  and  vertebral  arteries, 
to  return  back  ufelefs,  repelled  from  the  folid 
medulla;  again,  from  analogy,  it  follows,  that 
the  cortex,  inoreafing  by  growth  proportion- 
ably  with  the  medulla  itfelf,  it  plainly  appears, 
that  they  mull  have  both  one  and  the  fame 
common  incrementive  caufe  ; which  caufe  (by 
§.  249.)  is  the  greater  force  of  the  heart,  by 
which  the  blood-veffels  are  elongated.  It  fol- 
lows, therefore,  that  the  medulla  alfo  mull  be 
compofed  of  vefiels,  which,  in  like  manner, 
are  diflended  by  the  fame  force  of  the  heart. 

§.  388.  Nor  is  fuch  afolidity  of  the  nervous 
fibres  reconcileable  with  the  appearances,  which 
follow  after  wounds  in  the  nerves.  For  if  a 
nerve  irritated  required  to  be  ftruck,  and  to 
tremble  like  elaftic  cords,  it  ought  to  confifi:  of 
hard  threads,  ftretched  out  and  held  fall  by 
their  extremities  to  certain  firm  or  folid  bodies, 
with  a considerable  degree  of  tenfion ; for 
cords,  which  are  either  unfiretched,  foft,  or 
not  fixed  or  fafiened  at  their  extremities,  afford 
no  found.  But  all  the  nerves  are,  in  their  ori- 
gin, extremely  foft,  medullary,  and  very  far 
from  all  tenfion ; and  fome  of  them  continue 
thus  foft  throughout  the  whole  extent,  fo  far 
as  that  goes,  of  which  we  have  an  example  in 
the  olfadory  nerves,  and  in  the  foft  portion  pf 
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the  auditory  nerve,  from  which  we  ought  more 
particularly  to  exped  thofe  tremors,  which  re- 
ferable found.  Moreover,  when  the  nerves  are 
hard,  they  always  grow  foft  afterwards  in  the 
yifcera,  mufcles  and  organs  of  fenfe,  before 
they  operate  j and,  therefore,  the  nervous  fibres, 
being  in  no  ftate  of  tenfion,  either  in  their  be- 
ginning or  ending,  cannot  be  fubjed  to  elaftic 
tremors.  Even  in  thofe  mod;  chofen  and  likely 
circumftances,  the  nerves  can  have  no  tremors, 
where  they  are  faflened  in  a more  tenfe  manner 
to  the  heart,  pericardium  and  great  arte- 
ries ; becaufe  they  are  clofely  tied  to  the  adja- 
cent folid  parts  in  their  progrefs  by  the  fur- 
rounding cellular  fubftance.  Finally,  that  the 
nerves  are  very  far  from  all  elafticity,  is  demon- 
ftrated  by  experiments,  in  which  the  nerves 
cut  in  two  neither  fhorten  nor  draw  back  their 
divided  ends  to  the  folid  parts,  but  are  rather 
more  elongated  by  their  laxity,  and  expel  their 
contained  medulla  in  form  of  a protuberance. 
[Again  the  extreme  foftnefs  of  the  medulla 
jn  the  brain,  with  all  the  phenomena  of  pain 
and  convulfion,  leave  no  room  to  fufped  any 
fort  of  tenfipn,  concerned  in  the  effeds  or 
operations  produced  by  the  nerves.] 

§.389.  Add  to  this,  that  the  force  of  an  ir- 
ritated nerve  is  never  propogated  upward,  fo 
as  to  convulfe  the  mufcles  that  are  feated 
above  the  place  of  irritation,  although  the 
trunk  of  the  nervous  cord  may  happen  to  be 
firmer  and  tighter  in  that  part ; which  is  a 
confequence  altogether  difagreeing  with  elafti- 
city,  whofe  tremors  propogate  themfelves  in 
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cords  and  other  bodies  every  way  from  the 
point  of  percuffion.  Thefe  arguments,  there- 
fore, ferve  to  demonArate,  that  there  is  a li- 
quor fent  through  the  brain,  which,  defend- 
ing from  thence  through  the  nerves,  flows  out 
to  all  the  extreme  parts  of  the  body ; the  mo- 
tion of  which  liquor,  quickened  by  irritation, 
operates  only  according  to  the  direction,  in 
which  it  flows  through  the  nerve,  fo  that  con- 
vulfions  cannot  thereby  afcend  upwards,  be- 
caufe  of  the  refiAance  made  by  the  frefh  afflux 
of  the  fluid  from  the  brain.  Nor  is  the  ex- 
periment made  upon  the  phrenic  nerve  without 
its  force  in  this  argument,  by  which  it  appears, 
that  comprefling  the  nerve  with  a motion 
downward,  the  contraction  of  the  diaphragm 
is  increafed,  but,  by  comprefling  the  nerve 
upward,  the  motion  ceafes ; from  w'hence  it  is 
evident,  that  in  the  firA  cafe  the  natural  courfe 
of  the  nervous  liquid  is  quickened,  and  in  the 
latter  fufpended  ; nor  can  the  nerves  ever  act  as 
cords,  when  they  never  tremble  by  any  pref- 
fure,  in  whatever  direction  they  may  be  urged 
by  the  finger. 

§.  390.  I believe  it  is,  therefore,  certain, 
that  the  nervous  fibres  are  hollow,  and  per- 
forin their  offices  not  by  their  elafiicity,  but  by 
the  motion  of  their  juice.  Nor  is  the  objec- 
tion, which  arifes  from  the  fmallnefs  of  thefe 
tubes,  not  vifibie  by  any  microfcope  of  any 
force  againA  the  propofed  arguments  j to  which 
add  the  abfcence  of  a fwelling  in  a tied  nerve, 
which,  in  reality,  is  not  fufficiently  true  ; with 
other  arguments  of  the  like  kind,  which,  in- 
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deed,  fhow  the  weaknefs  of  our  fenfes,  but 
have  not  any  validity  againft  the  real  exigence 
of  a juice  or  fpirit  in  the  nerves. 

§.  391.  But  concerning  the  nature  of  this 
nervous  liquid,  there  are  many  doubts ; for 
many  of  the  moderns  will  have  it  to  be  ex- 
tremely elaftic  of  an  setherial  or  of  an  eledrical 
matter;  but  the  more  reafonable  part  make  it 
to  be  incompreflible  and  watry,  but  of  a lym- 
phatic or  albuminous  nature.  Indeed,  it  is 
not  to  be  denied,  but  we  have  many  argu- 
ments againft  admitting  any  fyftem  that  has 
been  hitherto  advanced.  An  eledrical  matter 
is,  indeed,  very  powerful,  and  fit  for  motion  ; 
but  then  it  is  not  confinable  within  the  nerves, 
fince  it  penetrates  throughout  the  whole  ani- 
mal, to  which  it  is  communicated,  exerting 
its  force  upon  the  flefh  and  fat,  as  well  as  upon 
the  nerves.  But  in  a living  animal  the  nerves 
only,  or  fuch  parts  as  have  nerves  running 
through  them,  are  afteded  by  irritation  ; and, 
therefore,  this  liquid  muft  be  of  a nature  that 
will  make  it  to  flow  through,  and  be  contained 
within  the  fmall  pipes  of  the  nerves. 

§.392.  A watry  and  albuminous  nature  is 
common  to  moft  of  the  juices  in  the  human 
body,  and  may  be,  therefore,  readily  granted 
to  the  juice  of  the  nerves ; like  the  Arm  ferous 
water,  which  exhales  into  the  ventricles  of  the 
brain  from  the  fame  veflels,  alfo  from  the  ex- 
ample of  a gelatinous  of  lymphatic  juice, 
which  flows  out  in  cutting  through  the  brain 
in  fifh,  and  the  larger  nerves  of  brute  animals, 
to  which  add  the  tumour,  which  arifes  in  tied 
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nerves-  But  are  thefe  properties  fufficient  to 
explain  the  wonderful  force  of  convulfed 
nerves,  obfervable  in  the  diffiedlions  of  living 
animals,  and  even  in  the  leffer  infedts,  with 
the  great  ftrength  of  mad  and  hyfterical  peo- 
ple ? whether  or  no  is  not  this  difficulty  fome- 
what  leffened  from  the  hydroflatical  experiments 
of  attraction  in  fmail  tubes?  which,  although 
it  may  explain  the  ftrength  and  motion,  is  ne- 
verthelefs  inconfiffient  with  the  celerity. 

§.  393.  Therefore,  upon  the  whole,  it  leems 
to  be  certain,  that,  from  the  vefl'els  of  the  cortex, 
a liquor  is  feparated  into  the  hollow  pipes  of  the 
medulla,  which  are  continued  with  the  fmail 
tubes  of  the  nerves,  even  to  their  foft,  pulpy 
extremities,  fo  as  to  be  the  caufe  both  of  fenle 
and  motion  ; but  the  precife  nature  of  this 
juice  does  not  feem  to  be  yet  knocvn.  That  it 
is  extremely  moveable,  fufficiently  appears  as 
well  from  the  nature  of  the  blood  that  goes  to 
the  brain  (§.  339  ) as  from  the  effedis  or  ap- 
pearances which  follow  from  it,  and  from  the 
nature  of  tenuity  itfeif,  by  which  Sir  Ifaac 
Newton  has  obferved  the  powers  of  bodies  are 
increafed.  But  we  muft  well  diftinguifh  this 
juice  from  that  vifible  thick  liquor,  which  di- 
ffiils  from  the  fmail  veffels,  which  run  in  the 
cellular  fabric  betwixt  the  threads  of  the 
nerves. 

§.  394.  If  it  be  afked,  what  becomes  of  this 
nervous  juice,  which  cannot  but  be  feparated 
and  diftributed  in  great  abundance  from  fo 
large  a quantity  of  blood,  paffing  the  braiji 
very  fwiftly,  in  comparifon  of  the  flower  mov- 
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ing  blood,  from  whence  the  milk  is  feparated 
in  the  bread;,  and  the  urine  in  the  lefier  renal 
artery,  or  by  a comparifon  with  the  mefenteric 
artery  ? it  may  be  anfwered,  it  exhales  pro- 
bably through  tjie  cutaneous  nerves ; and  fome 
have  judged,  that  it  alfo  exhales  into  the  various 
cavities  of  the  body,  as  that  of  the  domach, 
intedines,  &c.  but  that  it  exhales  into  the 
blood-vefiels,  does  not  feem  very  conddent 
with  the  courfe  of  nature  although  it  may 
be  fuppofed  to  be  taken  up  by  the  lead  abforb- 
ing  veins,  which  by  degrees  open  into  the 
larger.  That  thus  it  may  be  reforbed  from 
the  cavities  of  the  body,  is  not  inconfident. 
But  whether  it  can  return  again  within  the 
fame  nerves  to  the  brain,  fo  that  the  nerves  can 
refemble  arteries  and  veins  as  to  the  courfe  of 
their  fpirits  ? or  whether  fenfation  arifes  from 
fuch  a return,  are  as  yet  mere  conjectures  ? 

§.  395.  But  then,  what  is  the  defign  of  fo 
many  protuberances  in  the  brain,  what  are  the 
particular  ufes  of  the  ventricles,  nates,  and 
tedes,  with  the  didinCtion  of  the  brain  from 
the  cerebellum,  and  the  communication  be- 
twixt one  fide  of  the  brain,  cerebellum  and 
fpinal  medulla,  with  their  oppofite  fides  by  fo 
many  tranfverfe  bundles  of  fibres.  Thefe 
dill  remain  to  be  determined. 

§.  396.  The  ventricles  feem  to  be  made  of 
necefiary  confequence,  and  towards  the  greater 
ufe  and  didinCtion  of  the  parts.  And  that  the 
corpora  driata  or  thalami  might  keep  their  me- 
dullary parts  from  cohering  one  to  another,  it 
was  necefiary  for  a vapour  to  be  poured  be- 
twixt 
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twixt  them  ; and  the  fame  is  true,  with  regard 
to  the  brain  and  cerebellum.  Perhaps  like- 
wife  the  neceffity  of  adminidring  a degree  of 
warmth  to  the  clofe  medulla  of  the  brain  may 
be  one  reafon  for  thefe  cavities,  by  which  the 
arteries  enter,  and  are  diftributed  in  great  num- 
bers. 

§.  397.  The  ufes  of  mod:  of  the  protuberances 
we  are  not  acquainted  with,  but  have  them 
yet  to  learn  from  difeafes,  and  from  anatomical 
experiments  made  on  animals,  having  a brain 
like  that  of  mankind.  But,  in  thefe  refpedts, 
we  have  little  hopes  of  fuccefs,  in  parts  that 
are  fo  fmall,  fo  deeply,  and  fo  difficultly  fituated, 
and  hardly  ever  to  be  approached,  but  by  a 
wound  foon  fatal.  Whether  thefe  parts  are  fo 
many  diftindt  provinces,  in  which  our  ideas  are 
ftored  up ; and  whether  this  be  confirmed  by 
the  protuberant  thalami  of  the  optic  nerve, 
are,  indeed,  queflions.  But  then  mod:  of  thefe 
protuberances  fend  out  no  nerves  at  all. 

§.398.  As  to  the  internal  communication  of 
one  part  with  the  other  by  flriae  or  duels ; that 
feems  to  conduce  to  the  advantage  of  motion, 
and  probably  of  fenfe  likewife^  Some  of  thefe 
communications  join  the  brain  with  the  cere- 
bellum, others  join  the  fpinal  medulla  with 
the  nerves  of  the  brain  itfelf,  as  in  the  accelfory 
nerve,  and  mod:  of  them  join  the  right  and  left 
parts  together,  as  in  the  anterior  conjunction 
before-mentioned  (§.  362.),  and  in  the  two 
pofterior  (§.  365.),  in  that  of  the  corpus  cal- 
lofum  (§.  360.),  in  the  dris,  betwixt  a pro- 
eefs  of  the  cerebellum  and  teftes  (§.  368.) ; 
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to  which  add,  the  medullary  crofs-bars  in  the 
medulla  oblongata  and  fpinalis  (§.  369.).  For, 
from  this  ftrudture,  it  feems  manifestly  to  fol- 
low, as  well  as  from  numberiefs  experiments 
and  obfervations,  that  when  the  right  fide  of 
the  brain  is  injured,  all  the  nerves,  which  be- 
long on  the  contrary  to  the  left  fide  of  the  body, 
become  difeafed  or  paralytic,  and  the  reverie. 
Moreover,  by  this  contrivance,  nature  feems  to 
have  provided,  that,  in  whatever  part  of  the 
brain  an  injury  may  happen,  the  nerve,  that 
arifes  from  thence,  is,  by  this  means,  not  al- 
ways deprived  of  its  ufe.  For  if  the  faid  nerve 
receives  its  fibres  by  communicating  bundles,  as 
well  from  the  oppofite  as  from  its  own  hemi- 
fphere  of  the  brain,  its  office  may,  in  fome 
meafure,  be  continued  entire  by  the  fibres, 
which  it  receives  from  the  oppofite  fide,  even 
after  thofe  of  its  own  fide  are  deftroyed.  Ac- 
cordingly we  have  numberiefs  inftances  of 
wounds,  and  with  a confiderable  lofs  of  fub- 
ftance  from  the  brain,  which  yet  have  not 
been  followed  with  injury  to  any  nerve,  or  to 
any  of  the  mental  faculties.  [Many  other  lefs 
inequalities,  ftripes,  protuberances,  and  nerve- 
like impreffions  appear  in  the  brain  from  me- 
chanical neceffity,  with  the  pulfation  of  the 
veflels,  and  the  prefiure  or  figure  of  the  eon- 
tinous  incumbent  parts.] 

§.  399.  Whether  or  no  there  are  difbin<fb 
provinces  for  the  vital  or  fpontaneous,  and  for 
the  animal  or  voluntary  adtions  ? and  whether 
the  cerebellum  furnifhes  the  heart  and  other 
vital  organs  with  nerves,,  while  the  brain  fup- 
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plies  the  nerves,  which  go  out  to  the  organs 
of  fenfe  and  voluntary  motion  ? indeed,  this, 
though  an  elegant  fyflem,  is  every  where  con- 
futed by  anatomy.  From  the  cerebellum,  the 
• fifth  nerve  is  manifeftly  produced ; but  then 
this  goes  to  the  tongue,  to  the  pterygoide  muf- 
cles,  buccinators,  temporals,  frontals,  mufcles 
of  the  outer  ear,  of  the  eye,  and  of  the  nofe, 
which  are  parts  all  of  them  either  moved  by 
the  will,  or  elfe  deftined  to  fenfation.  Again, 
from  one  and  the  fame  nerve,  as  in  the  eighth 
pair,  there  are  vital  branches  fent  to  the  heart 
and  lungs,  and  others  that  are  animal  and  vo- 
luntary to  the  larynx,  or  fenfitive  in  the  ftomach. 
Laftly,  the  repeated  accounts  of  injuries  to 
the  cerebellum,  being  fo  fuddenly  and  fpeedily 
fatal,  are  not  altogether  true ; for  that  both 
wounds  and  fcirrhofities  of  this  part  have  been 
fuftained  without  any  fatality  to  the  patient,  may 
be  affirmed  by  certain  experience,  our  own  not 
excepted.  [Nor  is  the  difference  of  the  brain, 
having;  a foiter  and  finer  texture  than  the  cere- 
bellum,  any  thing  very  considerable.  But  why 
does  the  brain  appear  itfelf  infenfible,  and  never 
tranfmit  any  preifure  upon  it  to  the  mind  ? for 
this  plain  reafon,  that  all  fenfe  is  transferred  to 
the  mind,  through  the  tubular  medulla  of  the 
brain,  which  being  either  compreffed,  or  other- 
wife  occluded,  no  impulfion  on  the  mind,  even 
from  its  own  preffure,  can  be  received  into  the 
intellect.] 

§.  400.  But  if  this  elegant  hypothefis  (§.  399.} 
be  not  true,  you  will  fay,  what  is  the  caule  of 
the  perpetual  motion  in  the  heart,  inteffines 
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and  other  parts,  which  appear  to  want  no  in- 
clination of  the  will  to  put  them  in  motion  and 
which,  when  in  motion,  are  not  governable  by 
any  power  of  the  mind  ? why  does  the  pulfa- 
tion  of  the  heart  and  arteries  continue  in  an 
apoplexy  after  the  nervous  fyftem  is  echpfed,  from 
whence  all  the  voluntary  motions  or  fenfes 
arife  ? indeed,  the  caufe  is  fo  fimple,  as  to  be 
probably  the  occafion  of  its  being  almolb  uni- 
verfally  overlooked.  It  is  a general  principle 
with  nature  in  the  animal  fabric,  for  thofe  or- 
gans to  operate  perpetually,  which  are  moft 
tender  or  irritable,  which  are  moft  apt  for 
motion,  and  which  are,  laflly,  under  a per- 
petual him ul us  or  irritation.  The  heart  then 
is  continually  provoked  to  addon  by  the  venal 
blood,  which  it  expels  (§.  112,  115.).  The 
fame  is  alfo  fo  eafily  and  apt  to  be  put  in  mo- 
tion, that  it  may  be  recalled  even  after  death  ; 
its  mufcular  fabric  is  very  folid  and  reticular, 
and  its  ftrength  very  conliderable ; from  all 
which,  therefore,  it  is  extremely  moveable,  and 
its  irritability  appears  more  efpecially  by  the  ex- 
periments before-mentioned  (vid. §.  87.).  Again 
the  inteftines  alfo  are  extremely  fenfible  ; and,  as 
will  appear  in  their  defcription,  full  of  nerves, 
and  from  the  circular  pofition  of  their  fibres  apt 
to  contradion,  as  we  fee  in  all  parts  that  have 
fuch  a difpofition  of  their  fibres.  And  befides 
this,  they  are  almoft  perpetually  irritated  to 
motion,  either  by  the  chyle  or  aliments,  by 
the  confined  air  which  they  include,  or  by  the 
bile  fent  from  the  liver ; to  which  add  the 
preflure  of  the  hard  faeces.  With  refped  to 

Y the 


22Z  Of  the  Brain : 

the  refpiration,  its  perpetuity  has  been  fpoken 
of  before,  the  alternation  of  which  feems  to 
me  no  otherwise  explainable,  than  from  the 
anxiety  or  uneafinefs  which  follows  both  after 
infpiration  and  expiration,  which  call  both  for 
a fpeedy  change.  Vid.  §.  293,  294,  298. 

§.  401.  We  have  before  declared,  that  the 
nerves  are  the  organs  of  fenfe  and  motion ; we 
fhall,  therefore,  proceed  firft  to  explain  that 
motion  before  we  defcribe  the  organs  of  fenfe  ; 
becaufe  it  is  more  fimple,  uniform,  and  per- 
petually exercifed,  even  in  the  fcetus  before 
any  of  the  fenfes. 
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Of  mufcular  motion. 

* 

§.  402.  Y the  name  of  mufcular  fibres  in 
O the  human  body,  we  call  bundles 
of  reddifh  coloured  threads,  which,  by  an  ap- 
proximation of  their  extremities,  perform  all 
the  motions  of  which  we  are  fenfible.  When 
many  of  thefe  fibres  are  collected  together,  and 
appear  more  evidently  red,  they  are  called  a 
mitfcle.  The  extreme  fimplicity  of  the  fabric 
in  thefe  parts  has  been  the  caufe  of  the  obfcu- 
rity  that  prevails  in  underflanding,  how  a (mail, 
foft,  fiefhy  portion  can  produce  fuch  firong  and 
ample  motions  as  we  fee  in  man,  but  more  es- 
pecially in  the  cruftaceous  infedts. 

§.  403.  In  every  mufcle  we  meet  with  long 
foft  threads  or  fibres,  fomewhat  elaftic  or  ex- 
tenfible,  and  almoft  confiantlv  difpofed  parallel 
with  each  other ; and  thefe,  being  furrounded 
with  a good  deal  of  cellular  fubftance,  are  by 
that  faflened  together  into  little  bundles.  Thofe 
bundles,  called  lacertuli,  are  again  tied  toge- 
ther into  larger  bundles,  by  a more  loofe  cel- 
lular net- work,  which  contains  fome  fat;  and 
betwixt  thefe  we  conftantly  perceive  membra- 
nous partitions  and  ftripes  of  the  cellular  fub- 
fdance,  removing  them  farther  from  each  other, 
'till,  at  laid,  a number  of  them,  combined  together 
in  a pofture  either  parallel  or  inclined,  are  fur- 
rounded  with  a more  thin  and  denfe  cellular 
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membrane,  continuous  with  that  of  their  par- 
titions j and  this  being  again  furrounded  by  a 
thicker  plate  of  the  cellular  fubftance,  exter- 
nally parts  the  whole  from  the  adjacent  fle(h, 
and  gives  it  the  denomination  of  a Angle  or 
entire  mufcle.  In  every  one  of  thefe  threads 
there  appears  a lefler  feries  of  filaments,  which, 
by  oblique  extremities,  are  cemented  to  others 
of  the  fame  kind  forming  together  a larger 
fibre. 

§.  404.  The  generality  of  the  mufcles,  but 
more  efpecially  thofe  which  are  inferted  into 
the  bones,  and  fuch  as  are  preffed  ftrongly  by 
other  flefhy  incumbent  parts,  do  not  confifi:  of 
fibres  altogether  of  one  kind.  For  the  flefhy 
fibres  (§.  403.),  being  collected  together,  cauie 
the  mufcle  to  be  thicker  in  the  middle,  which 
is  called  its  belly  ; and  the  fame  fibres,  degene- 
rating by  degrees  obliquely  at  each  end  of  the 
mufcle  into  a more  (lender,  hard  and  Ihining 
fubftance  of  a filver  colour,  change  the  nature 
of  fie(h  for  that  of  tendon,  in  which,  meeting 
ciofer  together,  the  cellular  fubftance  inter- 
poled  is  thinner,  (horter,  and  painted  with 
fewer  vefiels;  whence  it  pafles  under  the  de- 
nomination of  a tendon , by  being  collected  to- 
gether into  a round  (lender  bundle ; or  elle,  if 
it  expands  into  a broad  fiat  furface,  it  is  called 
an  aponeurofu.  For  that  the  flefhy  fibres  truly 
change  into  fuch  as  are  tendinous,  is  evident 
from  comparing  a foetus  (in  which  there  are 
very  few  tendons)  with  a child  of  fome  years 
growth,  in  which  there  are  many  more  ; and 
both  with  an  adult  or  old  perfon,  in  which  are 
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the  greateft  number.  Mufcles,  which  are  not' 
inferted  into  any  of  the  bones,  have  common- 
ly no  tendons,  as  the  fphin&ers  and  mufcular 
membranes  of  the  vifeera  and  vefiels.  But 
thofe  commonly  end  in  long  tendons,  which 
are  required  to  pafs  round  the  joints  and  heads 
of  the  bones,  to  be  inferted  in  thofe  extremities 
which  are  more  moveable.  In  a foetus,  the 
mufcles  are  evidently  inferted  into  the  perioftium 
only ; but  in  adults,  where  the  perioftium  is 
more  clofely  joined  and  incorporated  with  the 
bone  itfelf,  the  tendons,  being  confufed.  with 
the  perioftium,  pafs  together  with  that  even 
into  the  foveoli  of  the  bone. 

§.  405.  Within  the  cellular  fubftance  or 
membrane  that  furrounds  the  fibres,  the  arte- 
ries and  veins  are  fubdivided  into  net- works, 
which  commonly  form  right  angles,  run  in 
company,  and  moftly  contiguous  with  each 
other ; and  from  the  fmaller  of  thefe  vefiels  a 
vapour  is  exhaled  into  the  thinner  cellular  fub- 
ftance, as  the  fat  is  alfo  transfufed  into  the  thicker 
cellular  fubftance  ; from  whence  again  they  are 
both  abforbed.  The  lymphatic  vefiels,  which 
run  betwixt  the  mufcles  of  the  tongue,  with 
thofe  of  the  neck,  face  and  limbs,  are  diffi- 
cultly demonftrated.  But  there  are  alfo  nerves 
more  numerous  than  in  other  parts,  diftrjbuted 
together  with  the  blood-veflels  throughout  the 
cellular  fabric  of  the  mufelej  which  nerves, 
however,  depofite  their  harder  covering,  and 
become  foft  before  they  can  be  traced  to  their 
ultimate  extremities  in  which  they  difappear. 
Thofe  enter  the*  mufcle  in  many  parts,  with- 
Y 3 out 
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out  keeping  to  the  fame  place  or  fituation  ; bu^ 
in  the  tendons,  they  are  very  difficultly  de- 
monftrated.  Nor  are  there  any  nervous  fibres 
inverting  the  mufcular  bundles  or  portions,  fo 
as  to  conftrmge  them  5 for  they,  who  have 
given  fuch  a defcription,  have  feen  nothing  but 
the  cellular  fubftance. 

§.  406.  The  fabric  of  the  leaft,  which  are 
as  the  elements  of  a mufcle,  being  diveftigated 
by  the  microfcope  in  man  and  other  animals, 
has  always  appeared  fimilar  to  the  fabric  of  the 
larger  fibres ; nor  do  they  yield  any  other  ap- 
pearance, upon  which  we  can  rely,  than  that 
of  the  leaft  threads  joined  one  to  the  other  by 
the  intermediate  cellular  fubftance.  There  is, 
therefore,  no  foundation  here  for  a feries  of  ve- 
ficles,  nor  for  a chain  of  rhombs.  It  may  be 
afked,  whether  thefe  fibres  are  hollow,  whe- 
ther they  are  continued  with  the  arteries  ? or 
whether  the  difference  betwixt  mufcular  and 
tendinous  fibres  lies  in  the  latter,  being  rendered 
more  denfe  and  beat  clofer  together  by  an  expul- 
fion  of  the  fluids  ? that  thefe  are  not  probable, 
appears  from  the  minutenefs  of  the  fibres, 
which  are  found  lefs  than  the  red  blood-glo- 
bules, and  from  the  whitenefs  of  a mufcle  after 
the  blood  is  w allied  out  of  it ; to  which  add 
the  phyfiological  reafons  following,  (§.411.). 

§.  407.  It  is  natural  to  every  mufcle  to  fhort- 
en  itfelf,  by  drawing  the  extremities  towards 
its  belly  or  middle.  But  to  difcover  the  moving 
power  of  a mufcle  from  the  fabric,  which  we 
have  defcribed,  it  will  be  of  ufe  to  confider 
the  appearances,  obfervable  in  mufcular  con- 
traction. 
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traCtion.'  Every  mufcle  then  becomes  fhorter 
and  broader  in  its  aCtion  ; but  this  contraction 
of  its  length  is  various,  in  fome  more,  in  others 
lefs,  ,and  is  very  confiderable,  for  example,  in 
fome  of  the  fphinCters,  infomuch  that  they 
appear  to  be  contracted  more  than  one  third  of 
their  extent,  though  this  computation  be  taken 
from  an  erroneous  hypothecs.  At  the  fame 
time  that  the  mufcle  is  broader,  it  alfo  becomes 
harder,  and  every  way  extended  throughout 
its  whole  circumference ; as  for  example,  in 
the  heart,  in  the  maffeters.  Moreover,  this 
motion  in  a living  animal  is  made  with  a con- 
vulfive  fwiftnefs,  while  the  fibres  and  mufcular 
portions  are  drawn  out  of  their  fimple  rectili- 
neal courfe  into  undulated  wrinkles,  which  are 
formed  as  well  in  the  elementary  fimple  fibres, 
as  in  the  more  compound  lacertuli  or  bundles ; 
wherefore  the  motion  of  every  mufcle  lies  in  a 
retraCtion  of  the  fibres  within  themfelves, 
which  being  alternately  more  or  lefs  contracted, 
increafe  or  diminifh  the  length  and  breadth  of 
any  interval  betwixt  the  points  of  contraction. 
I obferve  alfo,  that  the  larger  mufcular  portions 
themfelves  are  drawn  out  of  their  courfe,  fo  as 
to  form  different  angles  with  each  other,  and 
with  the  bones  which  they  move ; and  in  ge- 
neral, right  angles  are  changed  into  fuch  as  are 
unequal ; but  that  the  mufcles  grow  pale  in 
their  aCtion,  does  not  appear  in  all  my  ex- 
periments. 

§.  408.  Moreover,  that  we  may  difcover  the 
caufe  of  mufcular  motion,  we  are  to  obferve, 
that  in  every  mufcular  fibre,  even  after  death, 

Y 4 there 
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there  is  a force  or  endeavouring  to  contract 
its  length,  by  which,  being  left  to  itfelf,  it  be- 
comes Ihor ter ; and  from  hence,  mufcles,  that 
are  divided  even  in  a dead  body,  recede  by 
contradting  from  each  other,  fo  as  to  leave  a 
confiderabie  interval.  [Again,  the  parts  of  a 
moving  fibre,  being  agitated  or  irritated  by  any 
force,  which  we  call  a ftimulus,  whether  cold, 
pundture  with  the  knife,  acrid  poifons,  &c. 
does  immediately  exert  a vital  corrugation,  or 
contraction,  different  from  the  former  dead  one, 
of  elafticity,  fo  long  as  the  vital  or  locomotive, 
but  unknown,  difpofition  of  its  parts  remains, 
even  after  death  ; by  which  irritation,  we  ob- 
ferve,  it  will  palpitate  for  a time,  by  alter- 
nately corrugating  and  elongating  itfelf.  This 
faculty  of  irritability  is  never  obferved  to  refide 
in  any  part  of  the  cellular  fubftance ; nor  in 
membranes,  fo  far  as  they  are,  in  a great  mea- 
fure,  compofed  out  of  that  fubftance  ; in  liga- 
ments it  is  fcarce  obfervable  in  any  degree,  and 
in  tendons  it  is  extremely  weak:  but  in  mufcles, 
more  efpecially  thole  of  the  heart  and  inte- 
fiines,  it  refides  in  a mod  remarkable  degree, 
fo  as  to  be  fufceptible  of  irritation  and  contrac- 
tion longer  than  in  any  other  parts  of  the  dying 
animal,  and  even  for  many  hours  after  death  ; 
and  in  thefe  parts  too,  the  adtior.  is  more  violent 
in  proportion,  as  the  faculty  or  power  longer 
remains,  and  is  more  ealily  excited  than  in 
other  parts.  It  muff  be  alfo  confeffed,  that  the 
eyulfion  of  a mufcular  irritable  part  out  of  the 
animal  body,  lo  as  to  cutoff  air  union  with  its 
nerves,  and  intercept  all  intercourfe  betwixt  it- 
felf 
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felf  and  the  brain,  does  not  much  abate  the 
irritable  faculty  and  contractile  force  of  the 
part,  more  efpecially  in  the  heart  and  inteftines. 
That  this  irritable  power  of  corrugation  or 
contraction  prevails  largely,  throughout  all  the 
animal  fibres  that  are  motive,  appears  plainly 
from  the  obfervations  made  upon  the  polype 
and  other  fimilar  infeCts ; which,  being  form- 
ed without  either  brain  or  nerves,  are  never- 
thelefs  extremely  motive  and  impatient  of  all 
ftimulus.  Add  to  thefe,  fhell-filh  and  the 
analogy  of  fome  plants,  whofe  flowers  and 
leaves  move  their  places,  by  expanding  or  con- 
tracting with  heat  or  cold,  and  fome  of  them 
with  a fort  of  fenfative  celerity,  not  inferior  to 
that  of  animals.  This  force  is,  therefore,  a 
new  and  hitherto  negleCred  principle,  different 
from  the  other  known  properties  of  bodies,  and 
is  not  like  them  to  be  accounted  for,  either  by 
gravity,  attraction,  or  elafticity;  but  depends 
upon  an  unknown  difpofition  of  the  parts  in 
a foft  moving  fibre,  which  loofes  this  force  as 
it  hardens  and  dries.  See  remark  to  §.  6,] 

§.  409.  But  that  the  caufe  of  motion  is  con- 
veyed through  the  nerves  into  the  mufcles,  is 
certain  from  the  experiments  before-mentioned 
(§  378.).  Namely,  a nerve  or  the  fpinal  me- 
dulla, being  irritated  in  an  animal,  even  foon 
after  death,  the  mufcle  or  mufcles,  which  are 
fupplied  in  branches  from  that  nerve,  become 
languid  or  paralitic,  fo  as  not  to  be  able  to 
move  or  to  be  recalled  by  any  force  to  vital 
aCfion.  But  if  the  ligature  be  taken  off  from 
the  nerve,  the  force,  by  which  the  mufcle  is 

put 
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put  into  adtion,  is  again  recovered  by  it.  This 
appears  from  numerous  experiments,  more  ef- 
pecially  upon  fuch  as  have  been  made  upon  the 
phrenic  and  recurrent  nerves.  Alfo  by  irrita- 
ting any  nerve  before  you  cut  it,  the  mufcle, 
to  which  it  goes,  contrails,  as  you  may  learn 
by  repeated  trials,  eafily  to  be  made  on  the 
limbs  or  extremities.  Moreover,  the  weight, 
which  is  raifed  by  a living  mufcle,  breaks  or 
tears  one  that  is  dead ; whence  it  appears  to  be 
greater  than  the  inherent  caufe  of  contraction 
in  a mufcle,  by  which,  when  living,  the 
weight  was  raifed. 

§.  410.  If  it  be  demanded,  whether  the  ar- 
teries conduce  any  thing  to  mufcular  motion  ? 
and  whether  the  palfy,  which  falls  upon  the 
lower  limbs,  after  a ligature  upon  the  aorta,  be 
not  an  argument  thereof?  we  anfwer,  not  at 
all,  further  than  as  they  conduce  to  the  inte- 
grity of  a mufcle  or  to  the  confervation  of  the 
mutual  ftrudture  and  habit  of  the  parts,  which 
they  fupply  with  vapour,  fat,  &c.  for  the  irri- 
tation of  an  artery  does  not  affedt  or  convulfe 
the  mufcle  to  which  it  belongs,  nor  does  a li- 
gature thereof  caufe  a palfy,  unlefs  after  a con- 
siderable time,  when  the  mufcles  begin  to  be 
deftroyed  by  a gangrene ; and  the  palfy  of  the 
lower  limbs  from  a ligature  of  the  aorta  belongs 
to  an  injury  or  lofs  of  the  integrity  of  the  fpi- 
nal  medulla.  Moreover,  it  is  impracticable 
to  explain  the  motion  of  peculiar  mufcles  from 
a caufe  derived  with  an  equal  force  from  the 
heart  to  all  parts  of  the  body;  and  again,  the 
influence  of  the  will  is  confined  to  the  nerves, 

with- 
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without  refiding  in  the  arteries  or  other  folid 
parts  of  the  body. 

'T§ .411.  But  the  diredt  manner,  by  which 
the  nerves  excite  motion  in  the  mufcles,  is  fo 
obfcure,  that  we  may  almoft  for  ever  defpair  of 
its  difcovery.  As  to  nervous  veficles  fwelling 
by  a quicker  flux  of  the  nervous  fpirits,  they 
are  inconfiftent  with  anatomical  truth,  which 
demonftrates  the  leaf:  vifible  fibres  to  be  cylin- 
drical, and  in  no  part  veficular,  and  likewife 
repugnant  to  the  celerity  with  which  mufcular 
motion  is  performed,  and  with  the  bulk  of  a 
mufcle  being  rather  diminifhed  than  increafed 
during  its  adtion.  Again,  the  inflation  of  rhom- 
boidal  chains  in  the  fibres  is  equally  repugnant 
both  to  the  celerity,  to  infpedfion,  and  to  ana- 
tomy. Finally,  it  is,  by  no  means,  demon- 
ftrable,  that  the  fibres,  from  fo  few  nerves,  can 
be  fo  numerous,  or  diftributed  in  fo  many 
different  tranfverfe  diredtions,  with  refpedt  to 
the  mufcular  threads,  as  thofe  hypothefes  re- 
quire to  be  allowed.  A complication  of  the 
nerves  round  the  extremities  or  fibres,  fo  as  to 
contract  them  by  their  elafticity,  is  founded 
upon  a falfe  ftrudture  of  the  mufcular  fibre, 
fuppofing  the  nerves  to  be  diftributed,  where 
filaments  of  the  cellular  fubftance  only  can  be 
demonftrated.  [Moreover,  the  experiments  on 
animals  (§.  488.),  which,  having  neither  brain 
or  nerves,  are  yet  very  apt  for  motion,  appa- 
rently demonftrate  the  intrinfic  fabric  of  the 
mufcles  to  be  fufficient  for  their  motion,  with- 
out other  affiftance  from  the  nerves.]  Other 
explanations,  derived  from  fpherules  full  of  air 


332  Of  Mufcular  Motion. 

in  the  blood,  fuppofe  a falfe  nature  of  that 
fluid  ; namely,  a repletion  of  it  with  elaftic  air, 
of  which  it  has  none,  (§.  306.) 

§.  412.  This  only  we  are  certain  of,  from 
what  has  been  advanced,  that  the  nerves  aCt 
not  by  their  mechanical  contraction,  which  is 
extremely  weak,  but  by  the  power  of  an  in- 
fluent liquid,  detached,  or  fome  way  actuated, 
with  great  celerity.  That  mufcle,  therefore, 
will  be  contracted,  to  which  more  nervous  li- 
quid arrives  in  a given  time,  whether  that  be 
from  any  impulfe  of  the  will  or  other  caufe  re- 
liding  in  the  brain,  or  elfe  from  the  power  of 
fome  ftimulus  in  the  nerve  itfelf.  [Now  whe- 
ther the  nervous  liquid  only  increafes  the  irri- 
table nature,  or  elfe  augments  barely  the  inhe- 
rent corrugating  force  of  the  conflituent  parts 
in  the  moving  fibre,  after  a manner  unknown 
to  us,  we  fee,  in  either  cafe,  that  the  confequence 
is  a fhortening  of  the  fibre  or  mufcle.]  More 
than  this,  I am  not  able  to  perceive.  The 
fame  mufcle  is  again  relaxed,  when  this  addi- 
tional celerity  in  the  motion  of  the  nervous  fluid 
is  abated,  and  fends  it  only  in  fuch  a quantity 
as  will  make  an  equilibrium. 

§ 413.  The  effeCt  of  motion  in  the  mufcles 
is  a contraction  or  fhortening  of  them,  by 
drawing  their  tendons  almoft  quiefcent  each 
way  towards  their  middle  or  flefhy  belly,  by 
which  means  the  bones  and  other  parts,  in 
which  the  tendons  are  inlerted,  are  brought 
together  in  the  fame  manner  as  when  a mufcle 
cut  out  of  the  body,  contracts  or  draws  its  two 
extremities  towards  the  middle  part  or  belly. 
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But  if  one  of  thefe  extremities  be  lefs  moveable  or 
more  fixed;  then,  that  which  is  more  moveable 
has  a greater  motion  towards  that  which  is 
more  fixed,  in  a proportion  inverfely  as  their 
mobility.  If  one  end  be  immoveable,  then 
the  other,  which  is  moveable,  is  alone  brought 
towards  it ; and,  in  this  fenfe,  the  diftindtion 
of  origin  and  infertion  of  the  mufcles  is  allow- 
able ; otherwife,  without  this  limitation,  it 
may  be  frequently  the  caufe  of  error. 

§.  414.  The  ftrength  of  this  adtion  in  the 
mufcles  is  very  confiderable  in  all  perfons,  but 
more  efpecially  in  thofe  who  are  phrenetic,  and 
fome  who  are  called  flrong  men ; fince  fre- 
quently, with  the  ufe  of  a few  mufcles  only, 
they  will  eafily  raife  a weight  equal  to,  or  much 
greater  than,  that  of  the  whole  human  body 
itfelf.  Notwithftanding  this,  we  fee,  that 
much  the  greater  part  of  the  force  or  power, 
exerted  by  a mufcle,  is  always  loft  without  pro- 
ducing any  vifible  effedt.  For  all  the  mufcles 
are  inferted  nearer  the  point  or  center  of  mo- 
tion, than  the  weights  they  are  applied  to;  and 
therefore  their  adtion  is  weaker,  in  the  fame  pro- 
portion, as  they  move  a fhorter  part  of  the 
lever,  than  that  to  which  the  weight  is  ap- 
plied. Moreover,  in  moft  of  the  bones,  efpe- 
cialiy  thofe  of  the  limbs,  the  mufcles  are  in- 
ferted at  very  acute  angles ; whence  again  the 
effedt,  which  a mufcle  exerts  in  adtion,  is  pro- 
portionably  lefs,  as  the  line  of  the  angle,  in- 
tercepted betwixt  the  bone  and  the  mufcle.  is 
lei's  than  the  whole  fine.  Again,  the  middle 
part  of  all  mufcular  force  is  loft,  becaufe  it 

may 
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may  be  reckoned  as  a cord  extended,  and  draw- 
ing an  oppofite  weight  to  its  fixed  point. 
Again,  many  of  the  mufcles  are  feated  in  the 
angle  of  two  bones,  from  one  of  which  ari- 
fing  they  move  the  other ; and,  therefore, 
that  bone  being  moved,  they  are  bent,  and, 
of  courfe,  like  an  infledted  cord,  require  a new 
force  to  extend  them.  Many  of  them  pafs 
over  certain  joints,  each  of  which  they  bend 
in  fome  degree,  whereby  a lefs  part  of  their 
remaining  force  goes  to  bend  the  joint  to  which 
they  are  particularly  defined.  The  flefhy 
fibres  themfelves  of  the  mufcles  frequently  in- 
tercept angles  with  the  tendon,  in  which  they 
terminate ; from  whence  a great  part  of  their 
force  is  loft,  as  much  as  is  equal  to  the  diffe- 
rence or  deviation  betwixt  the  fine  of  the 
angle  of  their  infertion  and  the  whole  fine. 
Finally,  the  mufcles  move  their  oppofed 
weights  with  the  greateft  velocity  and  expe- 
dition, fo  as  not  only  to  overcome  the  equili  - 
brium, but  likewife  to  add  a confiderable  cele- 
rity to  the  weight. 

§.415.  Allthefe  Ioffes  of  power  being  com- 
puted, make  it  evident,  that  the  force,  exerted 
by  mufcles  in  their  contraction,  is  exceeding 
great  beyond  any  mechanical  ratio  or  propor- 
tion whatever ; lince  the  effedt  is  fcarce  A-  of 
the  whole  force  exerted  by  the  mufcle,  and 
yet  only  a fmall  number  of  thefe  mufcles, 
weighing  but  a few  pounds,  are  able  not  only 
to  raife  fome  thoufands  of  pounds,  but  alio 
with  a confiderable  celerity.  Nor  is  this  to  be 
reputed  any  defeCt  of  wifdom  in  the  creator. 
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, For  all  thofe  Ioffes  of  power  were-  neceffary 
towards  a 'juft  Symmetry  or  proportion  of  the 
parts,  with  the  various  motions  and  celerities 
required  by  the  mufcles  to  aCt  in  different  di- 
rections; all  which  have  no  (hare  in  the  com-> 
pofition  of  engines  mechanically.  But  we 
may,  however,  conclude  from  hence,  that  the 
adtion  of  the  nervous  or  animal  fluid  is  very 
powerful  (§.  392.),  lince,  in  an  engine  fofmall, 
it  can  exert  a force  equal  to  fome  thoufand 
pounds  for  a considerable  time,  or  even  for 
many  days  together ; nor  does  this  feem  to  be 
otherwife  explainable,  than  by  the  incredible 
celerity,  by  which  the  influx  of  this  fluid  obeys 
the  command  of  the  will.  But  how,  or  from 
whence,  it  acquires  fuch  a velocity,  is  not  in 
our  power  to  fay  ; ’tis  Sufficient,  that  we  know 
the  laws  of  its  motion  are  fuch,  that  a given 
aCtion  of  the  will  produces  a new  and  determi- 
nate celerity  in  the  nervous  fluid  or  juice. 

§.  416.  The  eafy  and  fudden  relaxations  of 
mufcles  in  their  motion  are  affifted  by  .the  aCtions 
of  their  antagonift  mufcles.  Namely,  in  all 
parts  of  the  body  every  mufcle  is  counterpoised 
by  fome  weight,  elasticity,  an  oppofite  mufcle  or 
a humour  aCting  againft  the  cavity  of  a mufcle, 
by  which  it  is  expelled.  This  oppofite  caufe, 
Vhich  ever  it  be,  continually  operates  as  long  as 
the  mufcle  aCts,  and,  fo  Soon  as  the  additional 
celerity,  derived  from  the  brain,  abates,  it  re- 
stores the  limb  or  other  part  immediately  to 
its  former  eafy  State,  in  which  there  is  an  equi- 
librium betwixt  the  mufcle  and  its  opposing 
caufe.  Whenever  the  antagonift  power  is  re- 
moved 
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moved  from  the  mufcle,  there  are  none  of 
them  but  muft  contra#,  extending  their  oppo- 
lites,  by  which  the  diftended  nerves  excite  an 
uneafy  fenfe,  and  caufe  a Wronger  endeavour 
towards  recovering  the  equilibrium.  Hence 
one  of  the  flexor  mufcles,  being  cut  in  two, 
the  extenfor  contracts  or  operates  even  in  a dead 
body,  and  the  reverfe. 

§.  417.  But  there  are  other  means,  by  wrhich 
the  motions  of  the  mufcles  are  rendered  more 
fafe,  certain  and  eafy.  The  large  long  mufcles, 
by  which  the  greater  motions  of  flexure  are 
performed,  being  included  in  tendinous  cap- 
fules  or  cafes,  drawn  and  tightened  by  other 
mufcles,  are  thus  fecured  and  ftrengthened ; 
for  fo  the  mulcle  remains  prefled  againft  the 
bone,  in  a ftate  of  contraction,  all  the  time 
that  the  limb  is  bent,  and  avoids  a confider- 
able  lofs  of  its  power.  But  the  long  tendons, 
which  are  incurvated  or  extended  over  joints  in 
their  mo'ion,  are  received  and  confined  by  pe- 
culiar bands,  which  retain  them  within  their 
llippery  channels,  and  keep  them  from  flipping 
out  under  the  fkin,  which  diflocation  of  the 
tendon,  whenever  it  happens,  is  attended  with 
a cramp  of  the  mufcle,  fevere  pain  and  lofs  of 
motion.  The  fame  kind  of  guidance  or  di- 
rection is  received  by  feme  of  the  mufclef, 
which  perforate  others  in  their  courfe.  In 
other  parts,  the  tendons  are  either  carried  round 
certain  eminencies  of  the  bone,  in  order  that 
they  may  be  inferted  at  greater  angles  into  the 
bone,  which  they  move,  or  elfe  they  are  in- 
ferted into  another  bone  j from  whence  a dif- 
2 ferent 
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ficrent  tendon  defcends  under  a larger  angle  into 
the  bone  to  be  moved.  In  other  parts,  the 
rnufcles,  which  are  derived  from  convenient 
iituations,  have  their  tendons  carried  round  in 
a contrary  direction  by  nature,  fo  that  they 
pafs  into  the  part  to  be  moved,  as  it  were 
round  a pully.  Nature  has  likewife  furrounded 
the  rnufcles  on  all  tides  with  fat,  which  is 
fpread  alfo  betwixt  their  bundles  of  fibres  and 
the  fmall  fibres  themfelves  which  lie  conti- 
guous together;  which  fat,  being  prefied  out 
by  the  turgefcence  of  the  rnufcles  anG  fibres, 
renders  them  foft,  flexible,  flippery,  and  fit 
for  motion. 

§.  418.  Moreover,  the  power  and  action  of 
one  mufcle  is  determined  by  the  co-operations  or 
©ppofitions  of  others,  which  ferve  either  to 
hold  firm  fome  part  from  whence  the  mufcle 
arifes,  or  to  bend  it  together  with  the  mufcle,  or 
elfe  to  change  its  adtion  from  the  perpendicular 
to  the  diagonal,  by  concurring  to  aflifb  its  force 
at  the  fame  time.  Therefore,  the  action  of  no 
one  mufcle  can  be  underftood  from  confidering 
it  alone,  but  all  the  others  muft  likewife  be 
brought  into  the  confideration,  which  are  either 
Inferted  into  the  mufcle  itfelf,  or  into  any  of 
the  parts  to  which  the  faid  mufcle  adheres. 

§.  419.  By  thefe  rnufcles,  varioufly  confpir- 
ing  and  oppofing  each  other,  are  performed 
walking,  Handing,  flexion,  extenfion,  deglu- 
tition, and  all  the  other  geftures  and  offices  of 
the  feveral  parts  in  the  living  body.  But  the 
rnufcles  have  likewife  fome  common  or  public 
abtions,  by  which  they  are  of  ufe  to  the  whole 
Vol.  I.  Z animal 
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animal.  They  haften  the  return  of  the  venal 
blood,  by  preffing  it  out  from  the  veins,  both 
of  the  mufcles  themfelves  as  well  as  of  the 
veins  which  lie  betwixt  them;  for  the  blood  in 
thefe  vefTels,  diflributed  betwixt  the  turgid 
bundles  of  a contracted  mufcle,  is,  by  the 
valves,  determined  towards  the  heart  only ; 
they  likewife  return  the  fat  to  the  blood,  fhake, 
grind,  or  denfify  the  arterial  blood,  and  return 
it  quicker  to  the  lungs.  Again,  in  the  liver, 
mefeiitery,  womb,  & c.  they  promote  the 
courfe  of  the  contained  blood,  bile  and  other 
juices,  fo  as  to  leffen  the  danger  of  their  ftagna- 
tion  ; they  ferve  alfo  to  increafe  the  ftrength 
of  the  ftomach,  by  adding  their  own  ftrength 
to  it,  whereby  digeftion  is  promoted,  infomuch 
that  all  fedentary  and  inactive  courfesof  life  are 
contrary  to  nature,  and  pave  the  way  to  dif- 
eafes  from  a flagnation  of  the  humours,  or 
from  a corruption  or  crudity  of  the  aliments. 
But  by  too  much  exercil'e  or  aCtion,  the  n.ufcles 
themfelves  grow  hard  and  tendinous  on  all  lides, 
render  the  parts,  upon  which  they  are  incum- 
bent cartilaginous,  or  elfe  change  thole,  which 
are  membranous,  into  a bony  nature ; at  the 
fame  time  they  increafe  the  roughnefs,  pro- 
tuberances and  proceftes  of  the  bones,  fatten 
their  hdes  which  lie  next  to  them,  and  dilate 
the  cells  feated  in  thediploe  or  Ipungy  heads  of 
the  bones  themfelves  towards  their  ftronger 
•addon . 

§.  420.  The  mufcles  are  commonly  diihin- 
gu ifhed  into  elides  according  as  they  either 
reft  fpontaneouily,  or  ai  e put  into  addon  by  an 
6 incli- 
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inclination  of  the  will ; whence  they  are  called 
voluntary  and  involuntary,  while  others  are 
mixed.  Some  of  them  operate  fpontaneoufly, 
and  can  neither  be  excited  nor  retarded  by  the 
will/  as  in  the  heart  and  inteftines;  and  fome 
again  are  fubfervient  to  a mixed  power,  as  they 
operate  by  a fpontaneous  motion,  and  are  like- 
wife  governable  by  the  will  at  the  fame  time, 
as  in  the  mufcles  of  refpiration.  There  have 
been  various  caufes  affigned  for  this  difference  j 
but  I think  the  queftion  has  been  fufficiently 
anfwered  before  at  §.  400. 
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